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PREFACE  TO  THE  THIRD  EDITION. 


In  the  following  jiages  it  has  been  my  endeavonr  to 
give  an  outline  of  the  more  important  facts  of  (Mon- 
tology,  Buch  as  may  serve  for  an  introductioQ  to  a 
more  extended  study  of  the  Bubject.  Within  the 
limitations  of  an  elemental^  text-book,  more  than  this 
seems  not  to  be  practicable,  and  I  have  therefore 
omitted,  or  passed  by  with  brief  mention,  hypotheses 
as  to  the  genesis  of  teeth  and  the  like,  which,  however 
interesting,  have  not  as  yet  so  established  themselves 
as  to  meet  witli  general  acceptance. 

In  a  book  of  this  kind  it  is  neither  desirable  to 
burden  the  text  with  many  references,  nor  to  omit 
them  altogether  ;  the  rule  .whicli  I  have  followed,  I 
fear  by  no  means  always  consistently,  has  been  to  give 
references  only  to  works  and  papers  which  might  be 
regarded  as  in  a  measure  classical,  and  t'~  "  ewhi-  | 
by  reason  of  being  somewhat  new,  hi  Bci 

their  way  into  systematic  treatises- 


yl  FREFA  CE. 

liut  I  mudt  take  i\m  opportunity  of  oxpreHiiing  my 
obligation  to  tlie  Odontographion  «of  Prof.  Owen  aiid 
of  Ciitibol^  to  IVof.  Flower'»  r^ocsturcM  on  Odontology, 
luM  artieloi  in  the  Kni'^yclopaulia  Itritannir^a,  and 
\m  many  other  papers;  to  the  article  on  1'eeth  by 
Dr.  Worthman  in  the  **  American  Hyntem  of  J)cntal 
Hurgery/'  and  to  the  rich  contribution*  of  Prof,  ('ope 
and  IVof.  Marsh  to  our  knowledge  of  the  varied 
extinct  mammalian  fauna  oi  America^  of  all  of  whic^h 
I  have  made  free  uh^. 
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HUMAN    AND    COMPAEATIVE. 


THE  TEETH   OP   S 


Thb  range  of  the  subject  of  Dental  Anatomy  turas  upon 
the  meaning  which  ia  attached  to  the  word  "  Tooth ; "  but, 
although  this  chajiter  might  moat  appropriately  open  with 
a  definition  of  thia  word,  it  is  very  much  easier  to  explain 
what  ia  ordinarily  understood  by  it,  than  to  frame  any 
aingle  Bontance  which  shall  fulfil  the  requirements  of  logical 
definition.  Most  vertebrate  and  a  great  many  invertebrate 
animals  have  certain  hard  masses  in  or  near  to  the  orifice 
of  the  alimentary  canal,  i.e.,  the  mouth;  by  these  hard 
masses,  sometimes  of  bony  and  aomettmes  of  homy  nature, 
various  oflicea  in  connection  with  the  prehension  or  com- 
minution of  food  are  performed,  and  to  them  the  term 
"  teeth "  is  applied.  But  whilst  in  some  animals  these 
fiinctiona  arc  performed  by  homy  bodiea,  recent  researcbea 
have  shown  that,  at  all  events  in  several  caaes,  these  homy 
teeth  are  auperimpoaed  upon  true  tooth  genus,  calcified  to 
some  extent,  which  they  supersede ;  the  exact  i-elation 
of  the  one  to  the  other  requires  further  elucidation.     In 
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many  animals  teeth  have  come  to  be  used  for  purposes 
other  than  those  of  nutrition,  such  as  for  sexual  warfare ; 
but  it  can  hardly  be  doubted  that  teeth  had  primarily  to 
do  with  the  nourishment  of  their  possessor. 

The  subject  of  the  homologies  of  the  teeth  cannot  be  fully 
entered  upon  until  the  details  of  their  development  have 
been  mastered  ;  still  a  few  words  may  even  at  the  outset  be 
devoted  to  the  elucidation  of  their  real  nature. 

The  mucous  membrane  which  lines  the  alimentary  canal 
is  continuous  with — is,  indeed,  a  part  of — ^the  external  skin, 
with  which  it  blends  at  the  lips.  Now  if  a  young  dog-fish, 
just  about  to  be  hatched,  be  examined,  it  will  be  found  that 
it  has  no  distinct  under  lip,  but  that  its  skin  turns  in  over 
its  rounded  jaw  without  interruption.  The  skin  outside 
carries  spines  (placoid  scales),^)  and  these  spines  are  con- 
tinued over  that  part  of  it  which  enters  the  mouth  and 
bends  over  the  jaws  ;  only  they  are  a  little  larger  in  this 
latter  position.  If  the  growth  of  the  dog-fish  be  followed, 
these  spines  of  the  skin  which  cover  the  jaws  become  deve- 
loped to  a  far  greater  size  than  those  outside,  and  the  identity 
and  continuitv  of  the  two  become  to  some  extent  masked. 
No  one  can  doubt,  whether  from  the  comparison  of  adult 
forms  or  from  a  study  of  the  development  of  the  parts, 
that  the  teeth  of  the  shark  correspond  to  the  teeth  of  other 
fish,  and  these  again  to  those  of  reptiles  and  mammals ;  it 
may  be  clearly  demonstrated  that  the  teeth  of  the  shark 
are  nothing  more  than  highly  developed  spines  of  the  skin, 
and  therefore  we  infer  that  all  teeth  bear  a  similar  relation 
to  the  skin.  This  is  what  is  meant  when  teeth  are  called 
"  dermal  appendages,"  and  are  said  to  be  perfectly  distinct 
from  the  internal  bony  skeleton  of  the  animal ;  the  teeth  of 
the  shark  (and  of  many  other  creatures)  are  not  >only  deve- 

(*)  "  The  placoid  scale  has  the  structure  of  dentine  ;  is  covered  by 
enamel,  and  is  continued  at  its  base  into  a  plate  formed  of  osseous  tissue. " 
Gegenbaur's  Comparative  Anatomy,  translated  by  F.  Jeffeiy  Bell,  p.  424. 
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loped  in  but  always  remalu  imbedded  in.  tough  i 
membraue,  and  neTer  acquire  any  connection  with  the  bone. 
Indeed,  all  teeth  alike  are  developed  from  a  part  of  the 
mucoua  membrane,  and  any  connection  which  they  may 
ultimately  get  with  the  bono  is  a  secondary  matter.  As  it 
has  been  well  eipreaacd  by  Dr.  Harrison  Allen  ('  Anatomy 
of  the  Facial  Region'),  "if  the  hairs  of  the  scalp  were  to  be 
inserted  into  the  skull,  or  of  the  moustache  into  the  upper 
jaw,  we  should  espresa  great  astonishment,  yet  such  au 
extreme  proposition  is  no  more  remarkable  than  what  is 
seen  to  take  place  ia  the  jaws,"  again  "  the  feathers  of 
certein  birds  making  impressions  on  the  radins,  the  whale- 
bone pendent  from  the  roof  of  the  mouth,  are  examples  of 
this  same  association  of  tegumentary  appendages  with  the 
bones." 

To  these  may  be  added  the  homy  plates  of  Ornitho- 
rhyncus, which  are  pure  hardenings  of  the  stratum  comeum 
of  the  oral  epithelium,  but  which  have  definite  beds  pro- 
vided for  them  on  the  bones. 

In  their  aimpler  forms,  then,  teeth  are  met  with  as  very 
numerous  spines,  differing  but  little  from  the  spines  of  the 
skin  except  in  size,  and  still  less  from  one  another.  In 
many  fish  the  teeth,  though  more  speciaJiMed,  are  scattered 
over  almost  every  one  of  the  nnmeroua  bones  which  form 
part  of  the  walls  of  the  mouth  and  pharynx ;  in  reptiles 
they  are  inneh  more  limited  in  position,  and  in  mammals 
are  absolutely  confined  to  the  intermaxillary,  maiillary, 
and  mandibular  (lower  maxillary)  bones.  In  fish  and  rep- 
tiles it  is  the  exception  for  the  teeth  in  different  parts  of 
the  mouth  to  differ  markedly  from  each  other ;  in  mam- 
mals it  is  the  rule. 

Teeth  owe  their  hardness  to  an  impregnation  with  salts 
of  lime  ;  the  organic  matrix  may  be  of  albuminoid  character, 
in  which  case  the  tooth  is  of  horny  consistence,  and  ia  spoken 
of  as  "  comified  ; "  or  the  matrix  may  be,  like  that  of  bone, 
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fluch  a  deaoriptioQ  aa  shull   apply  to  tlie   generality  of 
teeth. 

The  teeth  of  the  upper  jaw  are  ranged  along  a  curve  of 
larger  dimensiona  than  those  of  the  lower,  the  inciaors  pusS' 
ing  in  front  of  the  corresponding  lower  teeth,  and  the 
external  cusps  of  the  bicuspids  nud  molarx  closing  outside 
those  of  the  lower  teotb. 

There  are,  however,  some  poinis  of  detail  to  be  noted  in 
the  relation  borne  by  the  upper  to  the  lower  teeth,  besideB 
that  oomprieed  in  the  general  statement  that  the  former  lie 
ontBide  the  latter,  by  wliioh  it  is  brought  about  that  each 
tootli  is  antagonised  by  portions  of  two  teeth  in  tho  other 
jftw,  instead  of  having  only  a  single  opponent. 

The  upper  incisors  and  cauinea,  when  tiie  mouth  is  closed, 
from  the  larger  siae  of  the  arch  in  which  they  are  arrungcd, 
flhut  over  and  in  front  of  the  lower  teeth,  concealing  the 
upper  thirds  of  their  crowns;  while  tho  external  tubercles 
of  the  bieuspids  and  molars  of  the  lower  jaw  are  received 
into  the  depressions  between  tho  external  and  internal 
tubercles  of  the  similar  teeth  in  the  upper  jaw,  thus  allow- 
ing the  external  tubercles  of  the  upper  teeth  to  close  ex- 
ternally to  the  outer  tubercles  of  the  lower  row. 

From  this  arrangement  of  the  tubercles,  we  are  enabled 
in  mastication  to  itse  tho  whole  surface  of  the  crowns  of  the 
opposing  teeth  ;  the  act  of  mastication  being  performed  by 
bringing  the  external  tubercles  of  the  under  molars  opposite 
to  those  of  the  upper  row  ;  whence,  by  tho  lateral  motion 
of  the  under  jaw  inwards,  their  external  tubercles  pass  down 
inclined  surfaces  of  the  esterniil,  and  up  those  of  the 
ercles  of  tlie  upper  toeth,  crushing  in  this  action 
Bed  substance. 

0  be  observed  that,  from  tho  difference  of  width 

S  of  the  two  jaws,  the  central  incisors  of  the 

■ver  the  contrnls  and  half  of  tho  laterals  of 

•^ho  superior  laterals  lie  over  the 
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remaining  half  of  tlie  inferior  laterals  and  the  anterior  half  of 

the  cftninea  of  the  lower  jiiw.  The  canincB  close  over  the  hnlves 
of  the  canines  and  first  bicuHpids,  wiiile  the  first  bieuapida 
impinge  on  tlie  half  of  tliu  first  and  half  of  the  second  bi- 
cuspids of  the  lower  row.  The  second  upper  bicuspids  close 
upon  the  anterior  third  of  the  opposing  tint  molars  and  die 
poate^or  half  of  the  second  bicuspids. 

The  first  molnra  oppose  the  posterior  tno-tliirds  f'f  the 
first,  and  one  third  of  the  second  molars  of  the  lower  jaw, 
while  the  second  upper  molars  close  upon  the  unoccupied 
postcnor  tliird  of  the  second  and  the  anterior  third  of  the 
wisdom  teeth.  The  wisdom  tooth  of  the  upper  being 
smaller  in  size  than  that  of  the  lower  jaw  is  perfectly 
opposed  by  that  poition  of  the  latter  left  unoccupied  by 
the  second  imder  molar  tooth. 

By  this  admirable  arrangement  no  two  teeth  oppose  each 
other  only,  but  each  tooth  in  closure  of  the  jan  im])iiige8 
upon  two,  BO  that  should  a  tooth  be  lost,  or  even  two  alter- 
nate teeth,  still  the  corresponding  teeth  of  the  opposite  jaw 
are  to  some  extent  opposed,  and  thus  remain  useful.  For 
when  a  tooth  is  wholly  unopposed,  a  process  is  apt  to  be 
set  up  in  the  jaw  by  which  the  useless  organ  is  gradually 
ejected.  The  direction  of  the  teeth  in  the  upjjcr  is  vertiL-iilly 
downwards  and  slightly  forwards,  while  those  of  the  lower 
jaw  are  placed  vertieallj-,  the  molars  tending  slightly  inwards. 

It  is  usual  to  represent  the  dentition  of  any  animal  by 
what  is  termed  a  dental  formula,  which  enables  the  reader 
at  a  glance  to  see  the  immb<--r  of  teeth  of  each  variety  pos- 
sessed by  the  creature.  Thus,  instead  of  writing  out  at 
length  that  man  has  two  incisors  on  each  side  in  both  upper 
and  lower  jaws,  one  canine,  two  bicuspids  or  premolui-s,  &c., 
it  is  written  thus  : — 

.31  2         3         „, 
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1  the  deciduous  aett^ 


For  the  purpose  of  description  three  parta  of  the  tootU 
are  diatinguished  by  name,  viz,,  the  crown,  neck,  and  root. 

This  distinction  of  parts  wliich  we  make  in  describing 
human  teeth,  when  we  speak  of  crown,  necic,  and  root,  is 
applicable  to  the  great  majority  of  mammalian  teeth, 
though  there  are  some  few  simple  forms  of  teeth  in  which 
no  such  differentiation  of  parts  can  be  seen. 

The  crown  is  that  portion  w^hich  is  csposcd  above  the 
borders  of  the  gum,  and  is  iu  human  toeth  coated  with 
enamel ;  the  neck  is  that  portion  which  correaponda  to  the 
edge  of  the  gum,  and  intervenes  between  the  edges  of  the 
bony  sockets  and  the  edge  of  the  emimel ;  the  root  is  that 
part  which  is  enclosed  witliin  the  bony  socket,  and  is 
covered  by  cementum. 

Of  these  it  is  to  be  remarked  that  the  "  neck,"  although 
a  convenient  and  necessary  term  for  descriptive  purposes, 
marks  an  arbitrary  division  of  less  importance  than  that 
expressed  by  crown  and  root ;  also  that  although  this  divi- 
sion into  three  parts  can  be  made  in  the  case  of  socketed 
teeth  of  limited  growth,  no  such  distinction  of  parts  can  be 
made  in  teeth  of  perpetual  growth. 

Special  names  have  been  applied  to  the  various  surfaces 
of  the  crowns,  as,  owing  to  the  curvature  of  the  alveolar 
border,  terms  which  had  reference  to  iVout,  back,  or  sides 
would,  in  different  parts  of  the  mouth,  indicate  different 
surfaces,  and  so  lead  to  confusion. 

Th^bps  and  tongue  and  the  median  line  of  the  mouth, 
ho^l^mUKe  not  open  to  this  objection,  so  the  surfaces 
wl  uted   outwards  towards  the  Ups  are  called 

"]  ose  inwards  towards  the  tongue  "lingual;" 

tJil  faces  are  called  "  median  "  and  "  distal," 
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the  vrord  median,  being  applied  to  the  surface  which  would 
look  towards  the  middle  Hue  of  the  mouth  hud  the  alveolar 
border  been  atraightenod  out.  In  other  words  behind  the 
cauiuS]  the  "median"  is  equivalent  to  anterior,  and  "distal " 
to  posterior  surface. 

Farms  of  tlig  aeTeral  Teetli. — It  is  usual  to  speak  of 
the  teeth  as  being  modified  eonea,  iind  to  attrihuto  their 
variations  to  deviatiniis  from  this  typical  shape.  In  a  broad 
sense  this  may  be  true  of  the  simplest  t«ethj  aueh  as  are  met 
with  iu  some  fish  and  reptiles  and  moaophyodont  mamn[ialG, 
which  are  little  more  than  simple  cones ;  but  there  are  in- 
dications which  would  point  to  something  more  complex 
than  th's  s  a  very  early  form  of  mammalian  tooth,  for  even 
amou^  the  monophyodonts,  as  I  have  else  where,  pointed  out, 
the  arniad  llo  has  a  hilobed  tooth  germ,  the  one  cusp  pre- 
don  nat  ng  over  the  other,  And  the  teeth  of  the  (trnitho- 
rhyn  us  hich  from  many  considerations  must  be  regarded 
as  exceed  ^ly  early  forms  of  mammalian  teeth,  were  broad 
topped,  had  on  one  side  somewhat  pronounced  cusps,  and  on 
the  other  a  crenulated  margin,  and  had  several  short  roots. 
In  Mesozoic  times  most  mammals  had  the  full  typical 
number  of  teeth,  the  molars  nere  usually  tuberculated, 
and  in  many  groups  a  very  distinct  series  of  modifications 
from  parent  forms  has  been  traced  out.  Proceeding  from 
these  generalised  forms  tho  speciaHsation  usually  takes 
the  form  of  a  shortening  of  the  length  of  the  jaws,  accom- 
panied by  a  reduction  in  the  mimher  of  the  teeth,  seme 
teeth  being  suppressed  and  others  taking  on  some  particular 
development.  This  specialisation  of  teeth  frequently  goes 
on  hand-in-hand  with  specialisation  of  limbs. 

It  has  been  usual  to  suppose  that  the  teeth  which  arc  miss- 
ing ill  man  are  the  third  incisor  on  each  side  and  the  first  and 
second  premolars,  hut  reasons  have  been  advanced  which 
throw  doubt  upon  this  conclusion  as  regards  the  incisors 
{klhrechi,  Zoolog.  Ameig.,\&l^ ;  Prof.  Sir  W.  Turner,  yo«raai 
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t)f  Anatomy  andPhytiology,  ISSS  ;  A.  Wilaoo,  British  Dental 
Astodation  Jauiiial,  April,  1883  ;  Edwards,  liritisk  Dental 
Auoeiation  Journal,  December,  1885).  From  the  study  of 
i  of  cleft  palate  it  liaa  been,  fouiid  that  it  is  not  at  all 
certain  that  the  cleft  usually  runs  along  the  site  of  the 
suture  between  the  intermaxillary  bones  und  the  masilia, 
for  it  often  appears  to  be  well  withiu  the  limits  of  the 
intermaxillary  bone,  and  so  lends  some  support  to  the  idea 
of  Albrecht  that  there  ate  two  intermaxillary  hones  on  each 
Bide,  and  that  the  cleft  runs  along  the  division  between 
them.  And  it  is  far  fro'.ii  uncommon  for  a  tooth  of  incisor 
type  to  lie  beyond  the  cleft  and  close  against  the  front  of 
the  canine ;  to  this  tooth  Sir  W.  Turner,  pending  decision 
as  to  its  homologies,  giTos  the  name  of  precanine.  The 
argument  put  briefly  is  t!iia  ;  a  tooth  outside  the  cleft  and 
close  to  the  canine  is  so  common  of  occun-ence  that  its 
position  there  must  l)e  due  to  something  other  than  accident, 
the  normal  niimlwr  of  incisors  not  Ijeiag  exceeded.  But 
there  is  a  case  on  record  in  which  this  pvecanine  existed 
although  there  were  four  incisors  upon  the  intermaxUiary 
portion,  which  was  isolated  by  a  double  cleft;  in  this 
specimen  therefore  the  prcwnine  was  evidently  i'  of  the 
normal  mammalian  dentition,  and  it  is  therefore  not  unlikely 
that  it  is  always  so  ;  if  this  inference  be  correct,  then  the 
lost  incisor  in  man  is  probably  i^. 

I  do  not  think  that  we  have  at  present  the  data  upon  which 
to  certainly  determine  the  fundamental  form  of  the  mamma- 
lian tooth,  but  there  is  evidence  that  all  the  teeth  in  the  jaw  of 
a  mammal  may  have  been  derived  fiiDm  a  common  form  ;  in 
other  words,  marked  though  the  distinction  between  incisors, 
canines,  bicuspids,  and  molars  seems  to  he  at  first  sight,  a 
closer  inspection  reveals  various  gradational  or  transitional 
characters  linking  them  together,  thoiigh  there  are  gaps  in 
the  chain  not  bridged  over  by  forms  known  to  us.  This 
may  be  seen  by  a  careful  study  of  the  hunwiVi  ^efe^X^,  "sh-  "V 


r 


10  A    MANUAL    OF   DEXTAL    AXATOM}'.  H 

shall  end euvour  to  sliow;  but  it  m  niuch  moro  cunspiouciUHlj' 
seen  in  an  estinct  animal  ( Honiaio(li)Hti)tlierium.  an  extinct 
ungulate  from  Patagonia,  described  by  I'rofeBsiir  Flower, 
Philoa.  Trana.  1874_),  wbicL  iippftrently  jjosscswd  the  fnll 
typical  number  of  mammaliiin  teetb,  viz.,  fortj-fimr,  Thf 
point  in  whicb  its  dentition  ia  chiefly  iuatnietivc  ia  that  the 
teeth,  in  close  juxtaposition  oue  with  auothor,  pieBcut  an 
esceedingly  perfect  gradation  of  form  from  the  front  to  the 
back  of  the  mouth,  no  tooth  ditFering  imirkydly  from  it» 
neighbour,  though  the  difference  between,  aiy,  the  first 
incisor  and  first  molar,  is  esceedingly  great.  In  Professor 
Flower's  words,  "  it  is  only  by  the  analogy  of  other  forms 
that  they  can  be  sepamted  into  the  groups  convenient  for 
descriptive  purposes,  designated  as  incisors,  cnniues,  premo- 
lars, and  molars." 

In  viewing  the  gradationol  characters  which  do  esist  be- 
tween the  various  human  teeth,  it  munt  not  tie  forgotten 
that  some  links  in  the  chain  have  dropped  out  and  are 
absent.  Mention  has  already  been  made  of  the  full  typical 
number  of  mammalian  teeth  being  44,  i.e. 

1.  ^c.  ^prm.--m.  3^44 

Incisors. — Of  these  there  are  four  in  each  jiiw  ;  two  cen- 
tral, two  lateral  incisors.  Their  working  surfaces  form 
wedges,  or  obtuse  and  blunt-edged  chisels,  calculated  to 
divide  food  of  moderate  consistency. 

Upper  Incisors. — The  centrals  are  very  much  larger 
than  the  Literals,  and  viewed  either  from  the  back  or  front 
taper  with  some  regularity  from  the  cutting  edge  to  the 
point  of  the  root,  the  neck  not  being  marked  by  strong  con- 
striction. The  crown  of  the  tooth,  as  seen  from  the  front,  is 
squarish,  or  more  strictly,  oblong,  its  length  being  greater 
than  its  breadth. 

The  median  side,  by  which  it  is  in  contact  nitii  its  fellow. 
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is  a  little  longer  than  the  distal,  so  that  the  median  angle  of 
the  crown  is  a  little  lower,  and,  as  a  necessary  consequence, 
a  little  more  acute  than  the  distal  angle  of  the  cutting  edge. 
Near  to  their  base  the  crowns  narrow  rather  abruptly,  so 

Fio.  1(1). 


that  at  the  neck  a  space  is  left  between  the  contigiious 
teeth. 

The  labial  surface  is  slightly  convex  in  each  direction,  and 
often  presents  slight  longitudinal  depressions,  which  end  at 
the  cutting  edge  in  slight  notches. 

In  recently-cut  teeth  the  thin  cutting  edge  is  elevated  into 
three  slight  cusps,  which  soon  wear  down  and  disappear  after 
the  tooth  has  been  in  use. 

The  edge  of  an  incisor  may  be  regarded  as  formed  by  the 
bevelling  off  of  the  dentine  of  the  lingual  surface,  which  is 
nearly  flat  from  side  to  side,  with  a  slight  tendency  to  con- 
cavity, while  from  above  downwards  it  is  distinctly  concave, 
and  often  presents  longitudinal  depressions  similar  to  those 
on  the  labial  surface.  The  lingual  surface  towards  the  gum 
terminates  in  a  distinct  prominence,  oftentimes  amounting 
to  a  bounding  ring  of  enamel,  termed  the  basal  ridge,  or,  in 
the  language  of  comparative  anatomy,  the  cingulum.  It  is 
variable  in  the  extent  of  its  development ;    it  rarely  rises 


(1)  Front  and  side  view  of  a  left  upper  central  incisor. 
a  Distal  surface.  6  Neck.  c  ^^2»a^\>. 


into  a  centvol  prominence  at  tlie  buck,  but  in  tlie  angle 
where  the  ridges  of  the  two  aides  meet  a  deep  pit  is  often 
left  in  the  enamel,  which  ia  &  favourite  site  fijr  caries.  The 
crown;  or  what  amouuts  to  the  same  thing,  the  enatuel,  ter- 
minates oil  the  lingual  and  labial  aspect  of  the  tooth  in  a 
curved  lino,  the  convcsity  of  the  curve  being  directed 
upwards  towards  the  gum  ;  on  the  interstitial  surfaces, 
both  median  and  distal,  the  curve  ia  less  regular,  and  its 
contour  would  be  more  correctly  described  as  V-shnped,  the 
apes  of  the  V  being  towards  the  crown  of  the  tooth  and 
away  fi-om  the  gum.  The  dentist  will  do  well  to  remember 
the  disposition  of  the  enamel  in  this  situation,  as  it  is  a 
point  of  some  importance  in  shaping  the  cervical  edge  of  a 
uavity  preparatory  to  filling  it. 

The  transverse  indentations  of  the  enamel  met  with  both 
on  lingual  and  labial  surfaces,  though  more  ospeciaUy  in  the 
latter,  are  marks  of  ai'rest  of  development,  and,  common  as 
they  are,  are  to  be  regarded  as  abnormalities. 

The  central  incisors  are  larger  than  the  laterals,  though 
not   in    so    great  degree  as  is  the  case  in  the  anthropoid 

The  pulp  cavity  bears  a  general  resemblance  to  the  ex- 
ternal contour  of  the  tooth  ;  towards  the  cutting  edge  it  is 
very  thin,  and  is  prolonged  at  its  two  corners  to  a  slight 
extent  into  "comua;"  at  the  necfe  it  is  cylindrical,  and  ia 
also  cylindrical  in  the  root,  tapering  gradually  till  it  ap- 
proaches close  to  the  apex,  when  it  becomes  suddenly  con- 
strioted. 

Upper  lateral  inciaors  are  in  every  dimension  some- 
what smaller  than  the  centrals.  They  widen  somewhat 
abruptly  near  to  the  cutting  edge,  but  below  this  they  taper 
pretty  regularly  to  the  end  of  the  root ;  the  labial  surface 
is  convex  in  each  direction,  while  the  lingual  surface  is 
perhaps  rather  flatter  than  that  of  a  central  incisor. 

The  outer  (distal)  angle  of  the  crown  is  fur  more  rounded 
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or  sloped  away  thun  in  the  centrals,  and  the  distal  Burface, 
looking  towards  the  canine,  ia  in  a  slight  degree  ceiivei;  the 
median  surface  may  be  slightly  c 


» 


The  eniwnel  terminatea  towards  the  gum  iu  contours  pre- 
cisely similar  to  those  which  obtain  in  the  centrals :  but 
the  baaal  ridge,  or  cingulum,  is  often  more  strongly  pro- 
nounced, and  the  presence  of  a  central  tubercle  upon  it  is 
leas  infrequent.  From  this  greater  prominence  of  the  cin- 
gulum and  consequent  more  marked  depression  iu  front  of 
it,  caries  is  more  frequent  upon  the  lingual  surfaces  of  upper 
lateral  than  upon  those  of  upper  central  incisors. 

The  pulp  cavity  is,  relatively  to  the  whole  tooth,  perhaps 
a  little  larger  than  in  the  central  iucisora  ;  iu  other  respects 
the  same  description  will  suffice. 

Lower  central  inciaors  are  very  much  narrower  than 
those  of  the  upper  jaw  ;  not  more  thanAalf  the  width  at 
their  cutting  edges,  which  again  are  much  wider  than  the 
necks  of  the  teeth. 

From  before  backwards  they  are  deep  at  the  neck  ;  hence 
the  fangs  are  very  much  flattened  from  side  to  side,  and 
rotation  is  inadmissible  in  the  attempt  to  extract  them. 

The  enamel  contour  at  the  neck  is  similar  to  that  of  the 
upper  incisors,  but  there  is  no  ivell-marked  cingidum. 

Lower  lateral  inoisora  are,  unlike  the  upper  teeth,  dis- 
tinctly titrger  than  the  centrals  in  each  one  of  their  dimen- 

(')  Front  and  eide  view  of  a  left  upper  iatfiral  incieor. 
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sioQS,  but  more  especially  in  the  length  of  their  fangs, 
which  are  much  flaUened,  and  often  present  on  their  sides, 
a  median  longitudinal  depression,  sometimes  antounting  to 
an  actual  groove. 

Fia.  3  (»). 


The  distal  angle  of  the  crown  is  rounded  off  like  that  of 
the  upper  lateral  incisors,  though  not  so  markedly. 

Canines,  Cnspidati,  Eye  Teeth,  are,  in  all  respects, 
stouter  teeth  than  the  incisors  ;  not  only  are  the  crowns 
thicker  and  stronger,  but  the  roots  are  very  much  longer. 

The  crowh  terminates  in  a  blunt  point,  which  lies  in  a 
straight  line  with  the  long  axis  of  the  root;  a  feebly  pro- 
nounced line  or  ridge  nms  down  the  outer  siuface  of  the 
tooth  from  this  point  to  the  heck.  The  crown  slopes  away 
both  before  and  behind  the  point  or  cusp,  but  as  that  side 
of  the  tooth  which  lies  next  to  the  bicuspid  is  convex,  and 
as  it  were  produced  towards  that  tooth,  the  slope  is  longer 
on  the  distal  than  on  the  mesial  half  of  the  crown.  The 
crown  thus  not  being  perfectly  symmetrical  renders  it  easy 
to  determine  at  a  glance  to  which  side  of  the  mouth  the 
canine  belongs. 

The  internal  or  lingual  surface  is  not  concave  like  that  of 
the  incisors,  but  is  in  a  slight  degree  convex,  and  a  median 
ridge  runs  down  it  from  the  apex  of  the  cusp ;  this  ridge 
where  it  meets  with  the  ridge  which  borders  the  lingual 
surface  and  corresponds  with  the  cingulum  of  the  incisor 

Q)  Front  and  side  view  of  lower  central  incisor. 
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teeth,  ia  often  developed  into  a  well-marked  prominence  or 

OUBp. 

In  transverse  section  the  neck  ia. nearly  triangular,  the 
outer  or  lubial  being  much  wider  than  the  lingual  aspect. 
Lowfir  canines  are  Teas  pronoimced  hi  form  than  the  cor- 


I'esponding  upper  teeth ;  the  point  is  more  blunted,  the 
fang  shorter,  the  perpendicular  labiul  ridge  not 
traceable,  and  the  want  of  symmetry  between  the  mesial 
and  distal  halves  of  the  crown  less  marked.  The  lingual 
surface  has  pcrhapa  il  jjreater  tendency  to  concavity. 

Tremolars,  Bicuspids,  arc  eight  in  number,  two  on  each 
side  of  both  upper  and  luwer  jans,  and  they  correspond  to 
the  third  aud  fourth  premolars  of  the  typical  mammalian 
dentition,  the  first  and  second  premolars  not  beiug  repre- 
sented in  man  ('), 

TTpper  FremolBrs- — The  crown,  as  seen  looking  upon 
its  grinding  surface,  is  roughly  quadrilateral,  its  outer  or 
labial  border  being,  however,  larger  and  thicker  than  its 
inner,  and  the  teeth  are  carried  round  the  curve  of  the 
alveolar  border  mainly  by  means  of  this  difference  in  size 
in  the  external  and  internal  portions  of  the  cauiues  and  the 
two  bicuspids. 


('}  L[[igii!il,  labial,  anJ  diatol  HurFacet 

baetkl  cnsp  anil  the  tbi^c  riilgca  whiu)i  co 

f)  Mr.  A.  Wilson  hulda  tbat  jirm'  an 


inc.  showing  the 
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As  ia  implied  by  its  name,  the  cronii  hn«  two  cusp^  \ 
which  the  outer  is  the  lai-ger  and  stouter,  and  bro 
The  outer  and  inuer  Burfacea  (labial  and  lin^^al)  a 
and  smooth,  with  no  basal  ridges  at  the  edge  of  the  gums. 
The  inner  and  outer  cuspe  are  not  joined  by  a  transverse 


ridgo  ;  instead  of  this  there  is  a  deep  tranaverse  (co 
wards  labial  side)  tiasure ;  in  point  of  fact  the  cingulum  has 
been  elevated  to  form  the  inner  cusp,  and  forms  slight  ele- 
vations bordering  the  anterior  and  posterior  (median  and 
distal)  edges  of  the  grinding  surface.  The  median  surface, 
where  it  fits  figaiost  the  canine,  is  concave. 

The  root  is  single,  and  miich  corapreased  from  side  to 
side  :  very  often,  however,  it  is  double  for  the  greater  part 
of  its  length,  and  if  not  so  divided  is  often  marked  by  a 
groove  upon  each  side  indicating  a  tendency  towiirda  such 
division.  The  outer  border  of  the  root  is  also  often 
marked  by  a  longitudinal  furrow,  which  may  amount  to 
complete  division.  In  fact  a  bicuspid  may  have  three 
perfectly  distinct  roots,  like  a  molar,  and  like  the  premolars 
of  monkeys,  in  which  three  is  the  normal  number  of  roots. 
The  first  bicuspid  is  more  variable  in  respect  of  its  roots 
than  the  aecond. 

The  second  upper  bicuspid  differs  from  the  first  in  that 
the  difference  in  size  between  its  outer  and  inner  cuapa  is 
less,  the  inner  cusp  being  relatively  considerably  larger, 
and,  indeed,  often  preponderating  over  the  labial  cusp  in 
length,  so  that  the  labial  and  lingual  surfaces  are  nearly 
equal. 

(')  Grinding  surface  of  an  upper  licusjiid. 
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The  pulp  cavitj'  in  the  crown  is  furnished  with  distinct 
comua  ;  at  the  neck  it  is  very  much  flattened  from  side  to 
aide,  being  often  reduced  to  a  mere  fissure,  which  ia  how- 
ever eonaidorably  larger  at  its  two  extremities  than  in  its 
middle.  Hence  the  pulp  cavity  of  an  upper  bicuspid  is 
difficult  to  fill;  a  difficulty  again  increased  by  the  impos- 
sibility of  always  discovering  what  number  of  fangs  it  has, 
as  their  division  sometimes  takes  place  rather  high  up. 

lioTfllT  premolars  are  smaller  teeth  than  those  of  the 
upper  jaw,  and  are  quite  distinct  in  shape.  The  outer  or 
labial  cusp  is  bent  inwards,  and  the  labial  surface  of  the 
crown  ia  very  convex.  The  inner  t'usp  ia  but  feebly  deve- 
loped, and  is  connected  with  the  outer  by  a  low  ridge  ;  it  is 
also  narrow. 

The  root  is  rounded,  a  little  larger  on  its  outer  side  than 
on  its  inner,  and  tapers  regularly  towards  its  point ;  the 
pulp  cavity  is  cylindrical  at  the  neck,  and  also  tapers  regu- 
larly in  the  root.  The  comu  of  the  pulp  which  corresponds 
to  the  inner  cusp  is  but  feebly  developed. 

The  second  lower  bicuspid  diff'ers  a  good  deal  from  the 
first ;  its  crown  is  much  squarer  and  larger  in  all  its  dimen- 
sions. The  inner  cusp  reaches  to  a  higher  level  and  ia 
stouter,  and  the  greater  development  of  the  ridge  which 
bounds  the  posterior  (distal)  border  of  the  grinding  aurfaco 
makes  it  attain  to  such  a  large  size  as  to  make  the  tendency 
towards  a  transition  from  the  bicuspid  type  to  the  quadri- 
cuspid  type  of  a  true  molar  very  evident.  It  is  rare  for  any 
tendency  for  a  division  into  two  roots  to  be  met  ivith ;  when 
it  does  occur  it  bears  a  curious  similarity  to  the  form  of 
root  met  with  in  the  anthropoid  apes  (cf.  the  chapter 
relating  to  the  teeth  of  monkeys). 

The  differences  between  a  well-marked  incisor,  canine,  or 
premolar  are  so  strongly  pronounced  that  the  resemblances 
which  underlie  them  are  apt  to  be  overlooked. 

Nevertheless  a  very  distinct  gradation  may  be  traced,  and 


IS 


A    MANUAL   OF  DENTAL  ANATOMY.- 


it  is  far  from  unconimon  to  meet  with  tL'eth  which  poesesB 
in  a  marked  degree  transitional  characters.  If  the  external 
or  distAl  angle  of  a  lateral  iucisor  l)e  slopei)  oD'  more  than 
usnal,  while  at  the  same  time  ite  ciugulum  and  basal  pro- 

Fio.  6  ('). 


minence  be  well  marked,  it  makes  no  bad  imitation  of  a. 
diminutive  canine ;  and  such  laterals  are  often  to  be  met 
with  by  any  who  search  for  such  deviations  from  the  normal 
form. 

Thus  the  form  characteristic  of  a  lateral  incisor,  if  it  he  a 
little  exaggerated,  very  nearly  gives  us  the  form  of  a  canine, 
and  if  we  look  at  the  teeth  of  an  Orang  the  HtLril  niLisor  ib 
to  all  intents  a  diminutive  canine ;  and  in  tlie  jirtsent  dis 
cuBsion  the  great  comparative  aize  of  the  tfuime,  whioh  la 
traceable  to  readily  intelligible  causes,  may  be  put  abide,  as 
it  tends  to  obscure  the  point  to  be  here  insisted  oil 

Between  the  caiiinea  and  the  bicuspids  a  siniilai  relation 
ship  in  form  esists,  and  it  is  more  apparent  m  the  lowei 
than  in  the  upper  jaw*.  The  fact  that  at  tht  base  of  the 
inner  or  lingual  aspect  of  the  canine  is  to  be  found  an 
elevation  of  the  ciugulum,  in  many  inataucei  imcuiiting  to 
a  low  cusp,  has  been  already  noted ;  and  it  has  already  been 
pointed  ont  that  the  inner  cusp  of  the  tirbt  lowoi  bnuspid  is 
both  smaller  and  lower  than  the  outer  \  h  ngitudmal 
section  through  the  crowns  of  the  tno  teeth  will  demon 
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atrato  without  the  necosaity  of  further  deacription  that  the 
basal  cuMp  of  the  canine  and  tha  inner  cusp  of  the  bicuspid 
are  the  same  thing,  diffeiing  only  iu  degree,  while  it  is 
iotereating  to  note  that  the  pulp  chamber  in  the  bicuspid 
haa  hardly  any  prolongation  towards  the  small  inner  cuap, 
83  that  the  reaemblanco  between  the  two  teeth  is  thus  made 
more  complete. 
This  close  relationship  of  canines  and  bicuspids  will  be 


I 

■     agam  co 


Fi3.  7  {'). 


again  considered  in  the  chapter  ou  the  Homolo^es  of  the 
Teeth  ;  for  our  present  purpose  it  will  aufBcc  to  merely  point 
out  its  existence.  The  transition  from  the  bicuspids  to  the 
molars  is  more  abrupt ;  at  least  it  is  not  so  easy  to  point 
out  exactly  how  a  modification  of  the  one  would  arrive  at 
the  form  of  the  other.  But  it  merely  needs  an  oxa^rgera- 
tion  of  the  differences  existing  between  a,  canine  and  a  first 
bicuspid  to  mate  a  good  imitation  of  a  second  bicvispid. 

If  any  one  will  take  the  trouble  to  make  mental  note  of 
the  deviation  in  form  which  he  meets  with  in  teeth,  he  will 
find  that  they  aim<«t  in vaiiably  consist  of  approaches  to 
wards  the  form  of  the  teotli  on  cither  side  of  them ;  and 
will  infallibly  be  led  to  the  eonclnaion  that  incisors,  canines, 
and  bieuspids  are   not    three    patterns   of  teeth   perfectly 


(')  Sod 


n  gf  a  lower  ct 


liicuspid,  allowing  the  characters 
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distinct,  and  each  mi  gew^is,  but  that  they  are  modificaUoi 
of  oce  and  the  Bame  pattern.     I  may  ndd,  that  comparntiTl 


odontology  toachca  us  the 
clearly  the  substantial  identity  of 
the  true  molars. 

Upper  molar  teeth  have  cro 
angles  being  much  rounded  off. 
the  first  molar  is  more  constant  : 
and  this  latter  than  the  third  ; 


thing,  and   demonntratfl 
the  three  forms,  i 

wns  of  aquarish  form,  1 
It  may  be  premixed  that 
a  shajie  than  the  second, 
ith  this  proviso  the  first 


and  second  may  be  described  together. 

The  masticating  surface  carries  four  subefiual  cusps,  two 
labial  or  external  and  two  lingual  or  internal ;  the  anterior 
internal  cusp  is  distinctly  the  largest,  and  it  is  connected 
with  the  posterior  external  cusp  by  a  thick  oblique  ridge 
of  enamel,  the  remaining  two  cusps  having  no  such  con- 
nection. 

This  oblique  ridge  on  the  upper  molars  is  met  with  in  man, 
the  anthropoid  apes,  and  certain  New  World  monkcva. 

The  grooves  which  separate  the  cusps  pass  down  on  to 
the  labial  and  lingual  surfaces  of  the  crown,  but  n 

Fra.  8  (1). 
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before  reaching  the  gum ;  where  they  terminate,  however, 
there  is  often  a  pit,  which  ia  a  very  favourite  situation  for 
caries,  especially  on  the  lahinl  aspect  of  the  teeth.  It  ia 
very  rare  to  see  the  grooves  passing  down  iipon  the  mesial 
or  distal  surfaces  of  the  crown,  a  raised  border  of  enamel 
generally  cutting  tbem  short  ia  this  direction. 


[')  Mastiiatiog  s 
oblique  riJge  coniii 


lolar  ot  the  left  siile  |  the 
with  tlie  ijosterior  eJtenml 
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The  roots  are  three  in  niimber,  two  esteruul  or  labial,  and 
one  internal  or  palatal.  The  latter  is  the  largest,  and  nina 
in  a  direction  more  strongly  divergent  from  the  axis  of  the 
crown  than  the  other  roots.  It  ia  directed  obliquely  in- 
warda  towards  the  roof  of  the  palate,  ia  aubcylindrical,  and 
often  curved, 

The  external  roots  are  leas  cylindrical,  being  iputually 
oompresaed,  so  that  their  largest  diameter  ia  transverse  to 
the  dental  arch ;  the  anterior  ia  rather  the  larger  of  the  two, 
and  ia  more  strongly  pronounced  on  the  aide  of  the  neck  of 
the  tooth.  The  anterior  labial  root  is  occasionally  confluent 
with  the  palatine  root,  but  still  more  frequently  the  pos- 
terior labial  and  palatine  roots  are  confluent :  occasionally, 
also,  four  distinct  roots  may  be  met  with, 

Tliird  molarH,  denies  mpientiw,  wisdom  teeth,  of  the  upper 
jaw,  resemble  in  a  general  way  the  first  and  second  molars  ; 
that  ia,  when  they  are  well  developed  and  placed  in  a  roomy 
dental  arch.  But  amongst  more  civilised  races  it  may 
almost  be  said  to  be  exceptional  for  the  wisdom  teeth  to  be 
regular  either  in  form  or  position,  so  that  extreme  variability 
prevails  among  these  teeth. 

The  two  inner  tubercles  are  often  blended  together  and 
the  roots  confluent,  forming  an  abruptly  tapering  cone,  the 
apes  of  which  is  often  bent  and  crooked,  so  that  but  little 
vestige  of  the  three  roots  can  be  traced,  the  pulp  cavity  even 
being  quite  single. 

^ower  molars. — The  first  lower  molar  is  the  most  con- 
stant in  form,  and  is  somewhat  the  largest ;  its  grinding 
surface  presents  five  cusps. 

Four  cusps  are  placed  regularly  at  the  four  comers  of  a 
square,  these  being  divided  from  one  another  by  a  crucial 
fissure  ;  the  posterior  arm  of  the  crucial  fissure  bifurcates, 
&nd  between  its  diverging  arms  is  the  fifth  cusp,  which  is 
thus  in  the  middle  line  and  posterior. 

The  transverse  fissure  passes  over  the  limits  of  the  grind- 
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ing  surface,  and  on  the  outetde  or  labial  surface  of  the  tooth 
enda  in  a  pit,  which  is  a  common  site,  for  caries  ;  although  it 
occasionally  paeaea  over  the  lingual  Kurface,  it  is  hero  lem 
pronounced.     They   are    implanted    by  two    fiiii^,    placed 
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anteriorly  niiJ  posterioi-ly ;  the  roots  iire  much  flattened 
tVom  before  bnckwaida,  and  they  are  very  usually  curved 
slightly  backwards.  In  the  median  line  of  each  root  there 
ia  usually  a  groove,  by  the  deepening  of  which  four  fangs 
may  be  produced  ;  or  this  may  happen  with  the  one  root 
only,  so  that  a  three-rooted  tooth  is  the  result. 

F(o.  30  ('). 


The  second  molai-  does  not  greatly  differ  from  the  first 
save  that  the  roots  are  more  often  confluent,  and  the  fifth 
cusp  leas  marked,  even  if  it  exists  at  all. 


(']  Maaticating  Burface  of  a  first  lower  molar, 
o!  which  are  indicated  liy  tigurea. 
!  (=}  Second  lowEr  molar  ot  riebt  !J,Ie,  tbc  four 


ight  fide,  t}iet;veci.sfB 
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Third  loirer  molar. — This  tooth,  ia  seldom  bo  umall  as 
the  correspondmg  iipper  tooth,  and  its  crown  is  often  largu 
even  when  its  roots  are  very  stunted.  It  has  five  cusps  as 
a  rule,  and  bears  a  more  or  less  close  reaeniblance  to  the 
■molare  which  precede  it.  It  is  either  two-rooted,  or  if  the 
roots  be  couHuent,  a  gi^oove  usually  marks  a  tendency  to 
division  into  two  fangs. 

It  is  stated  by  Prof.  Owen  ("Odontography,"  page  454), 
that  although  the  wisdom  tooth  is  the  smallest  of  the  three 
molars,  the  difference  ii  less  marked  in  the  Melanian  than  in 
the  Caucasian  races,  adding  also  that  the  triple  implantation 
of  the  upper  and  the  double  implantation  of  the  lower  is 
conrtaut  in  the  former  races.  More  extended  observations 
hav«  overthrown  this  statement  sm  a  jjositive  dictum  to  be 
accepted  without  exceptions,  but  it  may  nevertheless  be 
taken  as  expressing  a  general  truth. 
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?he  milk  teeth  differ  from  the  permanent  teeth  by  being 
amiller,  and  having  the  enamel  terminating  at  the  neck 
wi(h  a  thick  edge,  so  that  the  neck  is  more  distinctly  con- 
stncted.  The  incisors  and  canines  arc  somewhat  similar  to 
thsir  successors,  the  canines,  however,  being  relatively  shorter 
ard  broader  than  their  successors.  The  first  upper  molars 
hive  three  cusps,  two  external  and  one  internal  :  the  second 
reore  nearly  resemble  the  permanent  molars. 


L^ 


(I)  Third  luwer  molar  of  tho  ioft  si 
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The  sQcoiid  lower  deciduous  molar  has  four  ciispa  and 
resembles  a  second  lower  permanent  molar.  The  roots  of 
the  deciduous  teeth  dtTcrga  from  the  neck  at  greater  angles 
than  those  of  permanent  teeth,  in  conseqiieuce  of  their  more 
or  leaa  completely  enclosing  between  them  tlic  crypts  iu 
which  the  latter  are  developing. 


The  teeth  are  implanted  in  bone  specially  developed  for 
the  purpose  ;  they  lay  at  the  period  of  their  evuptiou  in  a 
wide  excavation  in  the  bone  in  which  they  wore  free  to 
move  under  the  influeoce  of  veiy  slight  forces,  and  the  bone 
in  which  they  ai'e  held  was  moulded  around  their  roota  aub- 
aequently  to  their  being  formed  and  moved  into  position. 

The  manner  of  attachment  of  the  human  teeth  is  that 
termed  "  gomphosis,"  i.e.,  an  attachment  comparable  to  the 
fitting  of  a  peg  into  a  hole ;  the  bony  soekete,  however, 
allow  of  a  considerable  degree  of  motioUj  as  may  be  seen  by 
examining  the  teeth  iu  a.  dried  skull,  the  fitting  being  in 
the  fresh  state  completed  by  the  interposition  of  the  dense 
periosteum  of  the  socket  This  latter,  by  its  elasticity, 
allows  of  a  small  degree  of  motion  in  the  tooth,  and  so 
doubtless  diminiahes  the  shock  which  would  be  occasioned 
by  mastication  were  the  teeth  perfectly  immovable  and 
without  a  yielding  lining  within  their  bony  aocketa.  When, 
this  becomes  infliuaied  and  swollen  by  exudation  the  tooth  is 
pushed  to  a  certain  extent  out  of  the  socket,  and  bo  being 
to  a  less  extent  limited  in  its  range  by  the  bony  socket, 
acquires  an  increased  mobility. 

The  teeth  are  in  all  mammalia  confined  to  the  bones  which 
carry  them  in  man,  namely,  the  intermaxillary  and  maxillary 
bones  and  the  lower  maxillary  bone  or  mandible. 
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While  full  description  oftline  boDM  (')  tt ill  lie  fcnnidti 
general  anatomical   work,  there  are  a  few  [loinls  in 
anatonij'  which  directly  concern  the  dental  stuilent,  m  t 
a  brief  cniinitratiL.n  nf  some  of  their  relations  can  turtOj  | 

ilinjiGoned  Kith. 

Superior  maxillary  bona. — To  facilitate  description  4 

its  parts,  anatoniiats  divide  it  into  a  "bodT'  and 
ceases,"  of  which  latter  there  are  four,  the  nasal,  i 
alveolar,  and  palatine.     As  the  body  of  the  bone  is  hollowi 
out  by  an  air  cavity,  the  antrum,  its  shape  is  similar  to  that! 
of  that  cavity,  najnely,  roughly  pyramidal,  the  base  of  tba  \ 
pyramid  heing  iuwanis  towards  the  nasal  chamber. 

The  nasal  process  springs  directly  upwards  from  tho  hodjr 
in  a  vertical  line  with  the  canine  tooth  :  it  is  a  strong  plato 
of  bone,  roughly  triangular  when  viewed  from  the  side. 

I'he  malar  process  forma  the  apical  portion  uf  the  pyramid 
iilreiidy  alluded  to  ;  it  starts  out  nearly  horizontally  from 
the  body  just  behind  and  below  the  nasal  process,  and  is 
characterized  by  its  great  strength  and  stoutness.  Xever- 
tlieksB  -it  has  been  tnowu  to  be  fractured  by  a  blow,  and 
Kfpurated  from  the  body  of  the  bone.  The  antrum  iiaay  be 
prolonged  into  it. 

Thi-'  palatine  procesa  forma  a  horizontal  table  projecting 
inwards  from  the  body;  aa  the  floor  of  the  nose  la  nearly  flat, 
iind  tlio  palate  ia  arched  from  before  backwards,  the  front  of 
the  palatine  process  is  necessarily  much  thicker  than  the 
bock,  where  it  is  i]uite  a  thin  plate. 

The  alveolar  jjrocesa  ia  a  strong  wide  ridge  of  bone,  curved 
no  lu  to  form  with  that  of  the  other  maxillary  bone  the 
olliptieal  figure  characteristic  of  the  dental  arcli  in  the  higher 
raooH.  It  may  be  deacribed  as  consiating  of  two  plates,  an 
outer  and  an  inner,  which  are  connected  by  numei-oustrans- 

(')  Much  tbnt  Ib  of  great  Intercut,  and  timt  in  not  tn  l>c  found  in  text 
'hoflka,  U  onilwdiDd  in  a  HrieH  of  paiwrs  on  "  Tlio  Facial  Region,"  by 
Ilr,  INrrliwn  A'l*a  (Anivriciin  Ucniul  Ooiiinos,  IS?^-/!)- 
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verae  septa,  the  sockets  gf  thu  teeth,  being  formed  by  the 
interspaces  between  these  septa.  The  internal  alveolar 
plate  is  tlie  stronger,  the  esterniJ  the  thinner  and  weaker, 
a  fftot  of  which  we  tfvke  advantage  when  we  extract  a, 
tooth  by  bending  it  slightly  outwards.  On  the  outer  aur- 
fiice  of  the  alveolar  process  irc  eminences  corresponding  to 
the  roots  of  the  tooth,  and  depressions  in  their  ijiterspaces, 
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apt  to  be  especially  marked  over  the  canine  teeth ;  while 
between  the  teeth,  the  alveolar  processes  attain  to  a  lower 
level,  so  that  the  margins  of  the  hone  arc  festooned. 
Looking  down  into  an  empty  socket,  the  bone  ia  seen  to 
he  everywhere  very  porous,  and  to  be  perforated  by  foramina 
of  considerable  size,  while  at  the  bottom  there  is  the 
larger  foramen  admitting  the  vcescls  and  nerves  of  the 
tooth.  ^    „■ 

The  alveolus  of  each  ilidividnal  tooth  consists  uf  a  shell 
of  comparatively  dense  bone  of  small  thickiiess,  which  is 
imbedded  in  a  mass  of  loose  spongy  bone ;  this  dense  shell 
into  relation  with  the  dense  cortical  bone   of  the 


jaw  mainly  at  its  free  margin,  near  to  the  neck  of  t 
touth.  Over  very  prominent  roots  a  portion  of  alveolus  i 
at  times  wanting,  bo  that  in  a  macerated  okuU  the  root  I 
exposed  to  view. 

The  upper  masilla  serveH  to  give  form  and  support  t 
the  soft  parts  of  the  face,  aud  also  to  carry  the  uppi 
teeth.  These  have  to  be  rigidly  fised,  while  the  i 
of  the  lower  jaw  are  brought  forcibly  agiuust  them  widl 
more  or  lees  of  sliuck.  And  whilst  those  blows  have  tu  t 
received,  and  resisted,  and  ultimately  bonis  by  the  era 
it  is  obviously  desirable  that  they  should  he  distribute 
over  a  suthciently  wide  area,  so  ua  not  to  be  felt  i 
pleasantly, 

^  The  ascoading  nasal  procesB  is  very  stout,  and  scrvea'^ 
cOnncct  the  maxilla  strongly  with  the  frontal  bone,  whidi 
also  in  the  region  in  question  ia  powerfidly  developed  ; 
thick,  malar  process  gives  rigidity  and  reaistauce  to  late 
movements  of  the  jaws,  and  carries  off  the  strains  to  tbt 
lateral  walls  of  the  cranium ;  and  the  jaw  is  buttressed  ■ 
the  back  by  the  pterygoid  processes. 

Taking  nest  the  various  surfaces  of  the  bone,  there  s 
four,  or,  if  we  include  the  palatine  aspect,  five  ;  thi; 
forming  a  large  part  of  the  face,  the  superior  or  orbital,  i 
internal  or  nasal,  and  the  posterior  or  zygomatic.     Upon  tl 
esteraal  or  facial  surface  we  have  to  note  the  eminence  ^ 
caused   by  the  socket   of  the  canine  tooth  ("  ca 
nence "),  and  immediately  behmd  this    a   depression,    the 
canine    fossa,   through    which    the    antrum   is    sometimes 
punctured.     The  alveolar  border,  from  the  situation  of  the 
third  molar  to  that  of  the  second  bicuspid,  gi\LS  attachment 
to  the  buccinator  muscle ;  while  immediatelj  beneath  the 
margin  of  the  orbit  is  the  infra  orbital  foramen,  whence 
issues  the  infra-orbital  nerve ,    hence  this   is   one  of  the 
situations  to  which  nenmlgic  pain  really  dependent  on  the 
teeth  may  be  referred. 


f 


THE   MAXILLARY   BONES.  29 

The  orbital  and  nasal  Burfaces  concern  ua  only  through 
their  relation  to  the  antmm,  to  be  presently  described ;  in 
the  zygomatic  Burfuce,  which  is  cobtcx  and  forms  part  of 
the  zygomatic  foasii,  are  Beveral  orifices  trail amitting  the 
posteriur  dental  nerves  and  vessels  ;  a  groove  which,  con- 
■Verted  by  the  apposition  of  the  palate  bone  into  a  canal, 
forms  the  posterior  palntine  canal ;  and  at  the  bottom,  a 
rounded  eminence,  the  maxillary  tuberosity,  which  lies 
behind  the  wisdom  tooth,  and  hiis  been  occasionally  broken 
off  in  extracting  tliat  tooth. 

The  body  of  the  bone  is  excavated  by  an  air-chamber,  the 
antrum,  which  is  coated  in  life  by  a  continuation  of  the  nasal 
mucous  membrane,  and  this  froqncntly  becomes  secondarily 
involved  in  dental  disease,  so  that  its  anatomical  relations, 
are  of  great  importance  to  the  dentist.    ■ 

Like  the  somewhat  similar  air  cavities  in  the  frontal  bone 
the  maxillary  sinus  does  not  attain  to  its  full  size,  relatively 
to  the  rest  of  the  bone,  until  after  the  age  of  puberty, 
although  it  makes  its  appearance  earlier  than  the  other 
nasal  sinuses,  its  presence  being  demonstrable  about  the 
fifth  month  of  fcetal  life.  Hence  it  follows  that  its  walla  are 
thicker  in  tlio  young  Huliject  than  in  the  adult ;  and, 
according  to  the  observations  of  Mr.  Cattlin  ('),  it  is  some- 
what larger  in  the  male  than  in  the  female. 

It  is  very  variable  in  size,  so  that  out  of  one  hundred 
adult  specimens  the  above -mentioned  wTiter  found  one 
which  would  only  contain  one  drachm  of  fluid,  while  in  con- 
trast with  that  waa  another  which  held  eight  drachms  ;  two 
and  a  half  drachms  being  the  average  capacity.  Although 
it  is  exceedingly  variable  in  form  as  well  aa  in  size,  it 
tend.s  towards  a  roughly  pyramidal  shape,  the  apes  of  the 
pyramid  being  directed  towards  the  malar  bone,  which  it 
has  been  seen  to  encroach  upon,  and  the  base  towards  the 
1  cavity ;    it  is,  however,  useless  to  minutely  describe 

itolosical  SoL-ioty,"  vol.  ii.  ISSr. 


ita.  form,  inasmuch  as  the  two  antra  in  the  same  individiu 
are  Bometifaiea  Quito  dissimilai'.  The  dour  of  the  onTity  fl 
rendered  uneven  in  moat  Bjjecimemt  liy  proininenoM  o 
Hpondiiig  to  the  roots  of  the  niolnr  teeth,  which  ordinar 
are  but  thinly  covered  by  its  bony  wnlls,  while  it  is 
any  means  rare  to  find  some  of  them  actually  liare, 
-»  The  cavity  is  also  more  or  less  completely  subdivided  ll 
bony  partitions  springing  ^m  its  walls,  as  is  well  exOi 
plified  iu  the  aocopipanyicg  tigurc ;  these  partitions  ( 
the  most  part  thin,  but  they  oecasionally  attain  to  eonsidei 
able  thickness,  and  they  are  stated  to  occur  most  frequent^ 
at  the  anterior  or  posterior  angles  of  the  base  of  tlu 
pyramid. 

On  the  base  of  the  pyramid  is  the  orihce  by  which  it'M 
opens  into  the  middle  meatus  of  the  noae  ;  this  orifle<rl 
being  partly  closed  in  by  the  ethmoid,  palat«,  and  inferio^l 
turbinated  bonea,  and  also  by  soft  parts,  so  that  in 
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subject  it  will  barely  admit  a  goosequill ;  and  it  should  he 
noted  that  this  orifice  opens  into  the  antrum  near  the  top, 
EO  that  it  does  not  afford  a  ready  means  of  egreSM  to  fluids  t 
accumulated  in  the  cavity. 

Through    this    oiihce  the  mucous  membrane  lining  the 


(M  Section  of  an  antrnro  of  the  left  Bwle,  divided  ii 
b»  bonj  septa,  and  etttnding  into  the  maloj  l>nne. 
Bpecimen  in  the  collection  of  Di  MaMiitd  m  the  puss 
timoro  Denial  College 


nany  pouches 
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antrum  is  continuous  with  that  of  tho  nasoX-  fossae,  and, 
like  that,  it  is  ciliated  ;  but  it  difiers  from  the  hitter  in 
being  thinner  nnd  less  vascular. 

The  teeth  which  usually  come  into  the  cloaest  relation 
with  tho  antrum  aro  the  first  and  second  molai-B,  but  any  of 
the  teeth  situated  in  the  maxillary  bone  may  encroach  upon 
its  walla,  and  I  have  aoan  an  abscess,  originating  at  the  apex 
of  the  fang  of  a  lateral  incisoi',  pass  backwards  and  perforate 
-.the  antrum. 

Its  walls  have  four  aspects,  namely,  towards  the  orbit, 
the  nose,  the  zygomatic  fossa,  and  the  face,  while  its  floor  is 
formed  by  the  alveolar  border.  With  the  exception  only  of 
the  latter,  its  walls  are  very  thin ;  and  this  exception  ba; 
nn.importaut  practical  bearing  in  the  diiignosia  of  tumors  in 
this  region,  as  accumulations  of  fluid  or  morbid  growths 
really  situated  in  the  antrum  bulge  any  or  all  of  its  walls 
in  preference  to  the  alveolar  border,  whereas  tumors  spriug- 
iug  from  the  base  of  the  sphenoid  or  elsewhere  and  encroach- 
ing upon  the  antriun,  push  down  and  distort  the  alveolar 
border  as  easily  as  any  of  the  other  walls  of  the  cavity, 
JDaamucb  as  the  pressure  caused  by  tlieoi  is  not  transmitted 
equally  in  all  directions,  as  is  the  case  when  the  meditim 
transmitting  the  power  is  a  fluiil. 

Tlie  loirer  moziUa  or  mandible  consists  of  a  body  and 
two  rami,  which  ascend  almost  perpendicularly  from  its 
posterior  extremity.  The  horizouta!  portion  or  body  ia 
curved  somewhat  in  a  parabolic  form ;  it  has  a  convex 
external  and  concave  internal  surface,  and  an  upper  (alveolar) 
and  a  lower  border.  On  the  convex  facial  sur&ce  we  have 
to  note  the  ridge  mai'king  the  position  of  file  Bymphysis, 
and  below  this  the  mental  prominence.  Externally  to  this, 
below  the  line  of  contact  of  the  first  and  second  bicuspiils 
(or  a  little  before  or  behind  this  point)  is  .the  mental  fora- 
men, which  constitutes  the  termination  of  the  inferior 
deutal  canal.     Rnnuiug  obliquely  upwards,  and  first  visible 


at  a  poiiit  n  little  distanco  from  the  ineutal  {immiiienoo  ii 

the  externid  ublique  liue,  whicli  bi-comc-s  rnurgLil  In 


bhe  coronoid  process.  Whero  it  rises  as  high  aa  tlie 
alveolar  border,  i.e.,  opposite  to  the  third  and  Bometimea  tho 
second  molar,  the  outer  alveolar  plate  is  strength eneil  by  it, 
so  that  it  becomes  less  yielding  than  the  inner  plate.  The 
student  should  bear  this  fact  in  tnind  when  extracting  a 
lower  wisdom  tooth. 

The  buccinator  is  attached  to  the  alveolar  border  oppo- 
site to  tlie  molar  teeth  ;  the  platysma  niyoides  t"  the  outer 
side  of  the  lower  border  along  a  region  somewhat  further 
forward  ;  the  masaeter  over  whole  outer  face  and  border 
of  the  ascending  ramus  and  the  temporal  to  the  apex  and 
side  of  tho  coronoid  process.  The  other  mitscles  attached 
to  it  are  facial  muscles  of  expression. 

On  the  inner  surface  of  tho  Ixxly  are  four  tubercles, 
situatod  in  pairs  in  the  median  line,  about  opposite  to  the 
ends  of  the  roots  of  the  incisors,  but  somewhat  variable  both 


(')  Lower  Maxillary  Bone.  2.  Ramus,  where  maeaalflr  is  attached. 
3.  Sfmphyeia.  5.  MentAl  foramen.  6.  £xtern:kl  obliijue  Vmv.  S.  Aagla 
of  JBW.  9.  Internal  oliliquo  line.  10.  CorDnoicl  ptooeaa.  11,  (.'ondjle, 
12.  Sigmoid  notch.     13.  Inferior  denUl  foramen. 
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in  position  and  in  bize  in  different  imlividuala.  The  upper 
pair  of  tubercles  give  attachment  to  the  genio-hyo-gloBaus, 
the  lower  to  the  genio-hyoid  muscles  ;  they  are  interesting  to 
the  dental  student  not  only  as  giving  attachment  to  muscles 
concerned  in  deglutition,  but  as  affording  convenient  fiied 
points  for  meoauremonts  of  the  relative  growth  of  parta  of 
the  jaw.  Beaeath  these  gcnioid  tubercles  lie  the  slight 
depressions  which  give  attachment  to  the  anterior  belly  of 
the  digastric  muscle,  while  between  the  two  points  alluded 
to  commences  the  internal  oblique  line,  which  runs  ob- 
liquely iipwarda  and  backwards,  becoming  more  pronounced 
as  it  extends  backwards,  and  terminating  at  the  inferior 
dental  foramen.  This  internal  oblique  ridge  marks  the  line 
of  growth  of  the  condyle  {see  Development  of  the  Jaws),  and 
gives  attachment  to  the  mylohyoid  muscle,  which  forma  the 
floor  of  the  mouth,  in  all  its  length.  Thus  the  bone  above 
the  ridge  belonga  strictly  to  the  mouth,  that  below  it  has 
more  relation  with  cervical  structures.  The  depression  for 
the  sublingual  gland  ia  above  this  line,  consequently  this 
gland  ia  visible  from  the  mouth  ;  that  for  the  submaxillary 
glaniE  is  beneath  it  and  further  back. 

The  inner  surface  of  the  ascending  ramus  gives  attach* 
ment  to  the  following  muscles  ;  at  the  neck  of  the  condyle 
to  the  external  pterygoid ;  on  the  inner  face  of  the  coro- 
noid  process,  as  far  down  aa  the  level  of  the  top  of  the 
crown  of  the  wisdom  tooth,  to  the  temporal ;  on  the  inner 
side  of  the  angle,  over  a  large  aurface,  to  the  internal 
pterygoid. 

The  orifice  of  the  inferior  dental  canal  is  rough  and 
spinous,  giving  attachment  to  the  internal  lateral  ligament 
of  the  jaw,  while  beneath  and  behind  it  ia  the  groove  f<.r 
the  mylohyoid  vessels  and  nerves;  the  canal  runs  forward 
in  the  bone,  a  little  distance  beneath  the  ends  of  the  roots  of 
the  teeth,  and  emei^es  at  the  mental  foramen,  turning  out, 
wards  at  an  angle  to  reach  it,  and  sending  onwards  small 
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canals  to  the  incisors,  not  traceable  far.  It  is  nenrcr  to  the 
outer  than  to  the  inner  surface  of  the  jiiw  in  the  liittcr  half 
of  its  course,  iind  is  apt  to  bo  vetr  close  to  the  miJb  of  tlis 
roote  of  the  wisdom  teeth,  and  to  those  of  tlie  hicuHpidft 
The  alveolar  pi-ocesses  of  the  lower  jaw,  at  their  posterior 
part,  diverge  more  widely  than  thi>se  of  the  nppcr  jaw,  the 
relative  antagonism  between  the  upjier  and  lowyr  teeth 
being  preserved  in  this  region  by  the  former  having  an  in- 
clination out^'ards,  the  latter  inwttrds.  The  ascending  rami 
join  the  body  at  an  angle  which  is  verj-  obtuse  in  the  fcctiu, 
nearly  a  right  angle  in  the  adult,  and  once  agiiin  obtuse  in 
advanced  old  Hge ;  the  explanation  of  this  change  will  ba 
given  under  the  head  of  the  Development  of  the  Jaw. 

The  articulation  of  the  human  lower  jaw  is  ]>eculiar,  and 
allows  of  a  degree  of  play  unusual  in  a  joint  The  ovofd 
condyles,  when  the  jaw  is  at  rest,  are  lodged  in  deprcsaioaa, 
the  ijlfv/nd  fame  of  the  temporal  i>one,  formed  [mrtly  l)y  the 
squamous  and  partly  by  the  vaginid  portions  cjf  the  bone. 
The  posteriorhalfof  the  cavity  is  rough,  and  lodges  a  portion 
of  the  parotid  gland  :  the  anterior  is  smooth,  and  is  bounded 
in  front  by  the  cminentia  articulane,  which  is  the  midiU^ 
root  of  the  zygoma,  enters  into  the  formation  of  the  joiott. 
and  is  coated  over  by  cartilage.  Between  the  condyle  of  tb^- 
lower  jaw,  and  the  tomporal  lione  lies  a  moveable  inter- 
artiimlar  Jibro-eartUagf,  which  is  an  irregular  bi-coneave  oval 
plate,  the  edges  of  which  are  united  with  the  capsuhu'  liga- 
ment, BO  that  the  joint  is  divided  into  two  cavities,  furnished 
with  separate  synovial  membi-anes  (unless  when,  as  some- 
times is  the  case,  the  iibro-cartilage  is  pcrfonitcd  in  its 
centre) 

The  j<unt  is  described  as  having  four  ligaments  :  tha 
capsular,  stylo  -  masillary,  internal  and  external  lateral 
ligaments. 

The  capsular  ligament  'is  Imt  feebly  pronoimeed,  anij 
hardly  deserves  the  name  ;  the  stylo-moxillary  roaches  fronj 
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the  apex  of  the  styloid  process  to  the  angle  of  the  jaw  ;  the 
internal  lateral  from  the  spine  of  the  sphenoid  to  the  mar- 
gins of  the  inferior  dental  foramen ;  the  external  lateral, 
which  alone  ia  a  ligament  strictly  proper  to  the  articulation, 
reaches  from  the  outer  side  and  tubercle  of  the  zygoma  to 
the  outer  surface  of  the  neck  of  the  condyle. 

The  form  of  the  articulating  surfaces  and  the  comparu,- 
tive  absence  of  i-etaiuing  ligaments  combine  to  allow  of  a 
variety  of  movement  unusual  in  any  other  than  a  ball  and 
socket  joint.  The  articidatiou  acts  as  a  simple  hinge  when 
the  jaw  is  simply  depressed,  and  this  is  the  only  motiou 
possible  in  many  aoimals,  as  in.  typical  camivora.  When, 
however,  the  month  is  opened  to  the  fullest  possible  extent^ 
the  condyle  leaves  the  glenoid  cavity,  slides  forward,  and 
rests  on  the  articular  eminence,  the  intcrarticnlar  libro- 
«artilage  being  carried  forward  with  it.  The  pa.ssage  of  the 
condyle  on  to  the  articular  eminence,  although  always 
taking  place  when  the  lower  jaw  is  excessively  depressed, 
takes  place  sometimes  with  but  little  depression  of  the  lowoi' 
jaw,  which  then  passes  honzont  11  for  rd  or  t  may  tate 
place  on  the  one  Kide  only  g  v  a-  to  the  jib  tl  e  lateral 
movement  so  usefid  in  ma.  t  cat  o  In  the  n  st  c  t  on  f 
food  the  various  movements  are  con  b  ned  or  s  ceed  o 
another  with  great  rapidity  the  lateral  mo  en  cuts  are  ot 
very  estensivc,  the  outer  cusps  of  the  lo  er  teeth  of  one 
side  being  brought  to  antagon  e  the  o  ter  c  sps  of  the 
npper  teeth,  and  theu  being  made  to  si  de  f  re  bly  down  the 
sloping  surfaces  of  the  latte  1 11  they  ret  m  to  tl  e  r  normal 
antagonism  ;  when  one  set  of  muscles  ia  tired  the  same  pro- 
cess is  gone  through  on  the  other  side  of  the  month, 

The  closure  of  the  jaw,  and  the  rotatory  and  oblique 
motions,  are  accomplished  by  four  pairs  of  very  powerful 
muBcles  ;  these  are  antagonised  by  musclea  comparatively 
feeble  and  indirect  in  their  application. 

The  closure  of  the  jaws  is  effected  by  the  masseters  and 
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the  temporals,  attached  to  the  outer  sides  of  the  jaw  ;  i 
the  estomiil  aud  iuternal  pterygoids,  attached  to  its  i 
sidee. 

The  masseter,  temporal,  aud  internal  pterygoid  musdlrs  " 
close  the  jawti  ttnd  prces  the  teeth  against  one  another,  imd 


this  is  their  principal  action.  They  arc  antagonised  by  Mm 
digastric,  the  mylohyoid,  and  the  geniohyoid  muaclea,  whiolt^ 
aided  perhaps  by  the  platysma,  depress  the  lower  jaw  whea 
the  hyoid  bone  ia  fixed  by  its  own  depressor  muscles. 

The  external  pterygoid  draws  the  jaw  forward,  aud  bo  ia 
Bome  measure  tends  to  open  it ;  as  the  two  muscles  do  oot 
always,  or  indeed  generally,  act  ti^ether,  they  give  a  lateral 
movement  to  the  jaw.  The  superficial  portions  of  the 
maaseter  and  the  internal  pterygoid  are  ordinarily  supposed, 
OS  their  direction  is  slightly  backwards,  to  ai^sist  in  drawing 
the  jftw  forwards,  but  Langer,  a  recent  investigator  of  their 
action,  attaches  very  little  importance  to  this,  uad  indeed 
considers  that,  when  the  jaw  has  been  pulled  forwards  by 
the  external  pterygoid,  the  combined  action  of  the  internal  I 
pterygoid,  the  temporal,  und  the  masseter,  niay  bring  it  baok  % 


(')  Pterygoid   mnEclep.      I.  Upjier,    and   3.   Lowi 
pterygoid  muscle.    3.  Internal  pterj'goid  musiilf;. 
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irdinary  mastication  the  various  movements  are  eotn- 
binod  in  every  possible  manner. 

When  tho  mouth  ia  widely  open  the  condyles  play  upon 
the  articular  eminence  in  front  of  the  glenoid  cavity,  anil 
:temal  pterygoid,  ivhich  asaiata  in  widely  opening  tho 
mouth,  draws  not  only  the  condyle,  but  also  the  inter- 
articular  fibro-cartilage  forwards,  so  that  the  latter  still 
intervenes  between  the  condyle  and  the  articular  eminence. 
The  intei'articular  cartilagea  do  not,  however,  accompany 
the  jaw  in  its  estremc  movement,  but  are  believed  only 
to  paaa  forwards  aa  fiir  aa  that  part  of  the  eminence  which 
is  slightly  hollowed  out  Aa,  however,  in  dislocation  they 
accompany  the  condyles,  this  supposition  may  be  incorrect. 

The  position  of  repoae  is  neither  complete  closure  nor 
opening  of  the  jaws :  in  persona  with  enlarged  tonsils  the 
habitual  position  is  one  with  the  mouth  somewhat  moro 
widely  open,  owing  to  the  difficulty  of  breathing  through  the 
nose  ;  a  fact  which  often  causes  an  iiTegularity  in  the 
disposition  of  the  teeth. 

The  asia  on  which  the  jaw  moves  ia,  owing  to  tho  bend 
of  the  ramus,  far  behind  the  glenoid  cavity ;  it  lies  very 
nearly  in  a  plane  formed  by  prolonging  the  plane  of  the 
masticating  surface  of  the  teeth. 

The  motions  executed  in  mastication  differ  much  according 
to  the  nature  of  the  food  ;  hence  it  happens  that  in  different 
animals    the   muscles   of    mastication    are   very  variously 


Thus,  in  the  Herbivora,  which  move  their  jaws  greatlv- 
from  aide  to  side,  as  anyone  may  observe  for  himself,  tho 
pterygoids,  and  especially  the  extenial  pterygoid,  attain  to 
a  very  large  relative  size. 

On  the  other  hand,  in  the  Rodents,  which  move  theii- 
jaws  backward  and  forwards  in  gnawing,  the  maaaeter  is 
enormously  developed,  and  has  a  very  marked  general 
backward  direction. 
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Although  it  is  not  strictly  true,  the  masseter  and  tempi 
may  be  said  in  manimaU  to  be  devolopoi]  in  an  inrerM  t 
to  one  ftnotbcr ;  when  one  is  large  the  utlier  is  not. 

Ttie  maiiBeter  is  at  a  miuimum  in  C'amivoro,  which  t 


Fw.  IB  (';. 


little  lateral  movement  possible  to  their  jawa  ;  the  tempc 
is  also  highly  developed  in  many  of  the  class. 

In  the  great  apes,  the  temporal  becomes  en 
developed  only  at  tlie  period  of  second  dentition  ;  this  f&ol^ 
conjoined  with  its  size,  which  in  herbivora  seems  to  ha\ 
relation  to  the  presence  or  absence  of  canines,  would  incline 
one  to  suppose  that  it  was  useful  in  that  rapid  closure  of  tha 
mouth  appropriate  to  biting  wlien  animals  figlit  or  soizo  prey. 

The  form  of  tlie  glenoid  cavity  also  bcara  an  intimate 
lelation  to  the  dentition  of  the  animal,  and  the  nature  and 
extent  of  the  movement  of  its  jaws. 

Thus,  in  a  child  it  is  nearly  flat,  with  no  well  market) 
surrounding  elevations  ;  its  axis  is  transverse,  and  little 
rotary  motion  is  made  use  of.     In  the  adult  it  ia  deeply 


(I)  Condyle  of  the  k 
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aunk  :    the  bxIb  of  the  coudyle  ia  oblique,  and  rotdry  move- 
ments are  Ifli^clj-  made  iise  of  iu  tritnmtiog  food. 

Ill  the  Fclida),  it  ia  strictly  trauaverae ;  their  teeth,  adapted 
for  slicing  but  not  grinding,  would  gain  nothing  by  lateral 
,  motion,  which  is  rendered  quite  impossible  by  the  maimer 
in  which  the  long  transverBC  condyles  are  locked  into  the 
glenoid  cavity  by  strong  procesaoa  in  front  and  behind. 
Curiously  enough  the  interarticular  cartilage  is  present,  but 
as  the  condyle  never  moves  forward,  the  cartilage  is  not 
ivttached  to  the  external  pterygoid  muscle. 

In  Herbivora  the  condyle  is  roundish,  the  ascending  ramua 
long,  the  pterygoid  muscles  large,  and  the  glenoid  cai'ity 
shallow;  in  the  whale,  which  of  course  does  not  masticate  at 
all,  there  is  no  interarticular  cartilage,  and  no  synovial  mem- 
brane ;  the  articulation  is  reduced  to  a  mere  Hgimientous 
iittachment. 

The  harder  a  substance  is,  the  farther  ba.ck  between  the 
molars  it  is  placed ;  and  as  the  food  escapes  from  between 
the  teeth  it  is  constantly  being  replaced  by  the  lipa,  cheeks, 
and  tongue,  the  buccinator  muscle  being  largely  concerned 
in  this  work  of  preventing  moraeL?  of  food  from  escaping 
from  the  teeth  during  its  mastication. 

Just  as  the  muscles  of  mastication  vary  in  their  relative 
development  in  accordance  with  the  food  to  be  dealt  with, 
so  also  do  the  aalivaiy  glanda. 

As  a  nilo  herbivorous  creatures  have  large  parotid  glands ; 
that  ia  to  aay,  thoao  creatures  which  deal  with  the  driest 
food  and  musticate  it  the  most  have  this  gland  largely 
developed.  For  instance  it  is  very  lai^e  in  Ruminsmts  ; 
in  Herbivoroua  Marsupials  it  ia  larger,  in  the  carnivorous 
section  smaller,  than  the  aubmasillaries.  When  an  especially 
viscid  fluid  ia  required,  as,  for  example,  that  which  hibrieates 
the  tongue  of  an  ant-eater,  this  is  furnished  by  exceedingly 
large  auhm axillary  glands. 

The  face  is  to  a  very  great  extent  modelled  by  the  form 
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of  the  maxillary  bones,  and  these  again  are  foinid  to  1 
largely  inBuenced  by  the  dentition  uf  the  animal,  so  thftfcH 
comes  to  be  true  to  say  tliat  the  Face  of  an  aiiiintU  hirgdyv 
depends  upon  it§  dentition.  Thus,  to  take  a  liun 
example,  the  snout  is  broad  owing  to  the  wide  Boparati(A  ] 
between  the  canines,  which  gives  them  a  goo<l  purchase  in.  \ 
grasping  a  living  prey ;  its  shortnesa  enables  them  to  ho  usetl  .| 
at  [I  gi-eater  mechanical  advantage  than  would  Iw  the 
were  they  further  removed  from  their  fidcnnu  at  the  joint,  1 
and  the  breiidth  of  the  face  below  the  ej'ea  is  conferred  by  ^ 
the  widely  spreading  zygomatic  arches,  which  are  obliged  to  J 
be  wide  to  give  passage  to  the  very  powerful  temporal  | 
muscles,  aud  attachment  to  the  masseters. 

Without  going  into  further  details,  which  the  reader  can  \ 
readily  supply  for  himself,  it  will  be  seen,  therefore,  that  the 
contoiir  of  the  face  is  largely  determined  by  the  dentition  in  j 
this  iustance,  and  it  ia  in  marked  contrast  with  the  long  i 
thin  snouts  of  the  insectivora,  whose  forcepa-Uke  front  teetb  J 
as  a  rule  merely  pick  up  unresisting  prey,  or  with  the  long  i 
weak  snouts  of  the  horse  and  the  herbivora  gcuernlly.  The 
face  of  the  boar,  again,. is  largely  determined  by  llie  great  I 
muscles  which  move  the  jaw,  and  by  the  bony  procosBW  j 
which  give  attachment  to  them. 

If  you  extend  the  jaws  forward  a  littla,  project  the  teeth,  J 
and  widen  the  mouth  in  man,  yon  get  a  coarse  animal  type-fl 
of  face ;  and,  conversely,  by  a  reduction  of  the  raaxiUaryJ 
region,  perhaps  even  below  the  limits  which  will  afford  HpacO'l 
for  the  regular  disposition  of  the  teeth,  you  get  a  refined 
oval  type  of  face.  The  jaws  of  a  negro  are  large  relatively  1 
to  the  cranium,  as  are  also  those  of  exceptionally  big  i 
such  as  we  call  giants,  though  this  is  not  universally  true  } 
in  rickets  the  reverse  is  the  case. 

The  nerves  of  the  teeth  are  derived  from  branches  of  the 
fifth  nerve,  the  nerve  of  sensation  of  the  whole  wide  of  the 
face  and  head  ;    the  lower  teeth  through  the  inferior  maxil- 
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lary  nerve,  the  upper  through  the  anterior  ani)  posterior 
dental  branches  of  the  superior  moxillarr  nervR  The  ucrviw 
are  given  off  from  the  nerve  triinkH  in  biuidW  corresp»nnIiu|* 
in  number  to  the  roots  of  tlie  teeth  for  which  they  arc  tlos- 
tiBed.  For  the  detaila  of  the  distribution  of  the  fifth  iien-o 
the  student  must  refer  to  works  treating  of  (umtomy,  oe  it 
would  be  out  of  pla^ie  to  enter  upon  the  subject  at  lcn)i;tli  iii 
those  pages,  in  which  merely  one  or  two  mattora  of  spooiiil 
interest  to  the  dental  student  will  be  touched  upon, 

In  the  ease  of  the  inferior  maxillary  nerve  tho  ronta  of 
the  teeth  come  into  very  close  proximity  with  tho  iniiin 
trunk  of  the  nerve  ;  this  is  especially  tho  case  with  tho 
lower  wiadom  teoth.  Within  a  few  days  of  writing  those 
lines  I  extracted  a  lower  wisdom  tootli  (with  forceps)  foi'  i\ 
gentleman,  who,  immediately  after  the  extraction,  iniiuired 
if  he  could  have  bitten  his  lip,  as  it  felt  swollen  ;  on 
testing  it  I  found  slight  but  well  marked  numbness  on  that 
side  of  the  lip  and  chin,  which  did  not  wholly  subside  iM-foro 
he  left  me.  In  this  case  a  groove  upon  the  under  surfnco  of 
the  much  curved  roots  appeared  to  indicate  that  the  norvo 
trunk  was  in  close  contact  with  the  tooth. 

No  reason  is  at  present  known  why  tho  tooth  pulp  shonld 
be  80  richly  supplied  with  nerves,  unless  it  confers  groiiter 
tactile  sensibility  upon  the  whole  tooth.  Teeth  with  [mr- 
sistent  pulps  which  go  on  growing  throughout  tlio  life  of 
the  animal,  have  always  large  nerves :  thus  a  very  large 
trunk  goes  to  the  pulp  of  a  rodent  incisor.  But  although  in 
this  case  the  rich  nervous  supply  doubtless  has  to  ilo  with 
nutrition,  and  presides  over  tho  great  formative  at^tivity  of 
the  tissue,  this  does  not  fully  account  for  the  pulps  of  the 
teeth  of  limited  growth  being  ao  amply  supplied  with  norvei. 

As  has  been  mentioned  in  the  description  of  tho  Uiwor 
mamillary  bone,  the  inferior  dental  nerve  emerges  from  tho 
bone  by  the  mental  foramen,  near  to  tho  end  of  the  roots  of 
the  bieUHpid  teeth.     I'ain  duo   to  distant  cauiwn  i»  often 


referred  to  the  point  of  emergence  of  a  norve, 
frequeutly   exemplified  in  aupraorbitiil    iieiimlgia; 
Eome  way  pain  due  to  iliseiuted  teeth  fur  liauk  in  the  l<n 
juw  (especially  to  wiHdom  teetli),  ia  fretjueiitly  r 
the  bicuspid  region.     Curiously  enough,  though  tliere  ii 
apparent  close  parallel  in  tiie  diapoaitioii  of  the  nerv 
Bimilar  reference  of  pain  to  the  bicuspid  region  is  oi 
observed  in  the  upper  jaw.     And  it  may  be  added  that  ti 
ia  very  probably  some  closer  parallel  in  the  niinuto  disp 
tion  of  the  nerve  tibres  going  to  the  teeth  in  the  upper  m 
lower  jaws  than  ia  recognisable  by  rough  aiiat'imical  p 
cesses,  for  while,  to  all  appearance,  the  uorre  trunks  i 
differently  arranged,  it  is  a  matter  of  almost  everyday  d 
aervation  to  lind   pain  duo  to  one  tooth  referred  with  | 
cision  to  its  fellow  in  the  other  jaw . 

The  lower  teeth  derive  their  vascular  supply  from  i 
branches  given  off  to  each  tooth  by  the  inferior  dental  ai 
itself  a  branch  of  the  internal  maiiUary  ;  the  iipjjer  t 
derive  their  arteries  from  the  superior  dental,  a  jiart  of  thi 
alveolar  branch  of  the  internal  maxillary,  which  supplies 
the  molar  and  bicuspid  teeth ;  and  the  front  tectli  from  the 
descending  branch  of  the  infraorbital,  the  vessels  thus  haviuif 
an  arrangement  somewhat  analogous  to  that  of  the  nerves. 

The  distribution  of  the  veins  corresponds  closely  to  tliat  of 
the  arteries. 

No  lymphatius  have  been  traced  into  the  teeth,  though 
lymph  spaces  are  described  by  Dr.  Black  as  existing  in  the 
ah'co  ar  dental  periosteum. 


Tomes,  J.     Lecturea  on  Dental  Phjsiolofry  and  Sorgeiy,     ISiS. 
Habkibos  Allen.    Anatomy  of  tlio  Fauial  Eegion,  Dental  Coamoa, 

1874, 
CiTTUK.    Anfttomy   of   Antmia.    Trans.   Odotttoingioal   Soeiotgrj 

Black.    Periosteum  and  Peridental  Mtmbiane.     Chicai,'o,  1887. 


It  is  usual  to  speak  of  there  being  two  kinda  of  teoth, 
uiiuiely,  lioinv  or  albuminous,  and  calcified  teeth  ;  but  the 
development  of  the  former  is  not  yet  fully  kuown,  and  it  is 
hence  impossible  to  doternaine  the  exact  relation  in  which 
they  really  atand  to  other,  or  calcified,  teeth. 

The  homy  teeth  of  Omithorhyncua  have  been  shown 
to  be  purely  epithelial,  and  to  consist  entirely  of  ceUa  of 
the  stratum  comeum  arranged  in  parallel  columns  which 
are  penetrated  by  papillary  prooesses  of  tho  oral  epi- 
thelium. In  other  words  they  are  an  aggregation  of  long 
papilla;,  in  which  the  stratum  corneiim  is  abundant  and  hard, 
squeezed  together  to  form  a  coherent  mass.  These  horny 
teeth  do  the  work  of  mastication  during  the  greater  part  of 
the  animal's  life,  hat  when  the  creature  waa  half  grown,  it 
possessed  true  teolh  with  midti-cuspid  grinding  surfaces  and 
short  stunted  roots.  At  that  period  tho  homy  plates  were 
not  fully  formed,  but  they  were  situated  underneath  the 
true  t«eth,  and  were  incomplete  only  where  the  roots  of  tho 
teeth  passed  through  them.  When  tho  teeth  were  shed 
they  became  complete,  but  the  peculiar  sculpturing  of  their 
aorfacea  is  due  to  their  having  once  formed  a  bed  for  the 
short-rooted  molars.  But  they  are  obviously  not  in  any 
way  homologous  with  true  teeth.  The  homy  teeth  which 
surround  the  sucking  mouth  of  the  lamprey  are  found 
to    consist    of   one    or    more    suporimpoaed    homy    cones, 
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Btanding  upoD  n  dermal  papilla,  aud  oritiiDK  from  a  lioru- 
producing  groove  around  the  base  of  the  papilln  (Bconi, 
Movplioloffical  Shttiir-t,  Jena,  1889).     But  the  horny  tooth  of 
Mjxine  {tlie  Hag)  is  yet  more  remarkable  :    in  it  tho  horoj  , 
cone  ia  superimposed,  uot  upon  a  simple  papilla,  but  upon  A' I 
tooth  germ  which  goes  on  to  a  considerable  degree  of  ooleU   I 
tication.    Like  the  homy  conea  of  the  lamprey,  its  free  edgea  1 
rest  in  a  hom-forming  groove  of  oral  epithelium,    loaide  this 
ia  a  hard  cone  which  appears  to  be  a  form  of  imperfeofe  j 

Pin.  18  C). 


dentine  (with  vasculor  canals  in  it  ? ) :  this  Prof.  Beard 
believes  to  be  capped  with  enamel  in  one  of  his  specimens, 
and  in  the  interior  of  tliis  is  a  pulp  with  odontoblasts. 
There  is  great  difficulty  in  making  out  the  structure,  as 
these  combined  horny  and  calcified  teeth  almost  defy  ordinary 
methods  of  preparation. 

The  figure  given  above  is  somewhat  diagrammatic,  aud  is 


(')  Tooth  of  MjKJne.    d.  Dentine  cap. 
ing  epitheliqin.    p.  Puip. 


.  Enamel  {?).     /.,  e.  Uani  rom 


r 
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compounded  from  Dr.  Beard's  figuros,  and  from  a  sectiou 
wliich  he  was  bo  kind  as  to  lend  mc. 

Between  the  horny  cap  and  the  dentine  ia  an  epithelial 
Btructure  which  is  in  the  position  of,  and  aeema  to  play  the 
part  of,  an  enamel  organ. 

Calcified  teetli  are  composed  of  one  or  more  atmcturea, 
which  are  in  great  measure  peculiar  to  the  teeth  (although, 
what  ia  to  all  intents  and  purposes  dentine,  is  to  be  found 
in  the  ekeletona  and  in  the  dermal  appendages  of  some  fiah, 
and  other  exceptions  might  be  found  to  the  absolute  accu- 
racy of  the  statement),  and  hence  are  called  "dental  tissues." 
Notwithstanding  the  existence  of  certain  transitional  forms, 
it  is  not  possible  to  doubt  the  propriety  of  a  general  division 
of  dental  tissues  into  three  viz.,  Dentine,  Enamel,  and 
Cementum. 

The  first  named  of  these  constitutes  the  greater  part  of 
all  teeth,  and  ao  far  predominates  in  mass  over  the  other 
constituents  that,  in  Tery  many  cases,  the  tooth  would 
retain  its  form  and  character  after  the  removal  of  the  enamel 
and  cementum. 

This  central  body  of  dentine,  enclosing  the  pulp,  is  very 
often  covered  by  a  cap  of  enamel,  which  forma  the  surface 
of  the  tooth  ;  this  may  be  very  partial,  as  in  the  eel  or  the 
newt,  in  which  animals  only  this  enamel- capped  tip  of  the 
tooth  projects  far  above  the  surface  of  the  mucous  membrane ; 
or  it  may  cover  a  much  larger  proportion  of  the  tooth,  aa 
in  man.  Perhaps  the  most  usual  condition  is  that  the 
enamel  invests  the  whole  crown  of  the  tooth,  stopping  short 
at  about  the  level  to  which  the  gum  reaches,  as  in  the 
human  and  moat  other  mammalian  teeth  of  limited  growth. 
Id  teeth  of  persistent  growth  the  enamel  extends  down  into 
tiie  socket  as  far  as  the  base  of  the  tooth  ;  in  such  cases  it 
may  embrace  the  whole  circumference  of  the  dentine,  as  in 
the  molar  teeth  of  many  rodents,  or  it  may  bo  confined  to 
one  side  only,  as  iu  their  incisor  teeth,  where  by  its  greater 
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hardness  it  serves  to  constantly  preserve  a  ttharp  0 

tlie  tooth  is  worn  away.  The  enauiel  is  believed  t 
absent  irom  muny  teeth  ;  thus  the  siibcliLSB  Edentata  c 
prising  sloths,  armadillos,  and  ant-eateni  have  it  not; 
uarwal,  certain  cetaceana,  some  reptiles,  and  many  fish  h 


liut  although  it  might  appear  an  exceedingly  Am 
matter  to  determine  whetlipr  a  tiioth  is  or  is  not  coated  « 
enamel,  an  a  matter  of  fact  in  practice  it  i^  not  always  a 
to  be  certain  upon  tbia  point.  When  the  enamel  is  tolet 
thick  there  ie  no  difficulty  in  making  aections  which  i 
it  satisfaotorilj',  but  when  it  is  very  thin  it  ia  apt  •\ 
break  off  in  grinding  down  the  aectiou.  And  evei 
does  not,  it  is  in  such  cases  usually  quite  transparent  i 
Btructiireleas,  and  the  outermost  layer  of  the  dt-ntine  b 
also  clear  and  structureless,  it  ia  very  hani  to  decide  whett 
the  appearance  of  a.  donhle  Iraundary  line  is  a  mere  optic) 
effect  due  to  the  thickness  of  the  section,  or  is  indicative  < 
It  thin  layer  of  a  distinct  tissue  which  might  be  eitt 
enamel  or  ceraeiitum. 

My  own  iiivestigati'ms  upon  the  development  of  the  t> 
offish  and  reptiles  have  led  me  to  suspect  that  rudimenta 
layers  of  eniimel  exist  upon  many  teeth  on  which  th^ 
presence  has  not  been  recognised,  for  I  have  foimd  that  tb| 
formative  enamel  organs  occur  universally,  at  least  t 
exist  upon  all  tooth  germs  which  have  been  adequately  e 
amined.  Upon  the  teeth  of  anakes,  which  were  stated  I 
Professor  Owen  to  l>e  composed  only  of  dentiiie  and  • 
I  have  endeavoured  to  show  that  a  thin  layer  of 
exists,  and  that  there  is  no  cementum.  The  frog 
enamel  organ  as  distinct  as  that  of  the  ena.l(e,  but  I  t 
hardly  positive  that  there  is  enamel  ui)on  its  teeth,  although 
there  ia  an  appearance  of  a  thin  coat  of  distinct  tissue.  I 
have  also  demonstrated  that  the  armadillo  li:is  an  enamel 
organ,  hnt  have  failed  to  discover  any  enamel  or  anything 
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like  it  upon  its  teeth,  and  Professor  Sir  Wm.   Turner  has 
made  a  similar  observation  upon  the  narwal. 

At  all  events  we  may  safely  say  that  in  these  and  many 
other  creatures  no  functional  development  of  enamel  takes 
place :  whether  it  does  or  does  not  exist  in  an  extremely 
thin  and  rudimentary  layer  has  become  a  question  of  much 
less  significance,  since  I  have  shown  the  presence  of  an 
enamel  organ  to  be  probably  universal  at  an  early 
stage. 

Hence  I  feel  some  hesitation  in  endorsing  Professor  Owen's 
generalisation  that  the  dentine  is  the  most  and  enamel  the 
least  oonstant  of  dental  tissues ;  it  is  possible  that  it  may  be 
so,  but  recent  researches  into  the  development  of  teeth  have 
very  materially  modified  the  conceptions  formed  as  to  the 
relations  of  the  dental  tissues  to  one  another,  and  must  lead 
us  to  examine  carefully  into  such  deductive  statements 
before  accepting  them. 

The  remaining  dental  tissue  is  cementum,  which  clothes, 
in  a  layer  of  appreciable  thickness,  the  roots  of  the  teeth, 
and  reaches  up  as  far  as  the  enamel,  the  edge  of  which  it 
overlaps  to  a  slight  extent ;  when  the  cementum  is  present 
upon  the  crown,  it  occupies  a  position  external  to  that  of 
the  enamel.  Cementum  occurs  universally  upon  the  teeth 
of  mammalia,  but  it  is  not  always  confined  to  the  root  of 
the  tooth  ;  in  many  teeth  of  persistent  growth  it  originally 
invested  the  whole  crown,  and  after  it  has  been  worn  from 
the  exposed  grinding  surface,  continues  to  invest  the  sides 
of  the  tooth.  (See  the  description  of  the  complex  teeth  of 
the  elephant,  cow,  horse,  &c.) 

It.  is  probably  entirely  absent  from  the  teeth  of  snakes,  and 
indeed  of  very  many  reptiles ;  in  the  reptilian  class,  at  all 
events,  it  appears  to  me  to  be  confined  to  those  in  which  the 
teeth  are  lodged  either  in  sockets  or  in  a  deep  bony  groove, 
as  I  am  unacquainted  with  any  tooth  anchylosed  to  the  jaw 
in  which  it  exists,  unless  we  are  inclined  to  include  under  the 


A    MANUAL    OF  DBifTAL  ASATOUT. 


term  cemeatum  the  tissuo  which  I  have  deaiguatod  "  bone 
of  attuchmeut."     {See  "  Implantation  of  Tooth.") 


Upon  the  onter  Burface  of  the  deuihio  the  enamel  fonaa 
u  cap  of  a  TCry  much  harder  and  deuaur  material.  In 
its  moat,  perfect  forms  it  la  very  far  the  hardest  of  a]I 
tissues  met  with  in  the  animal  body,  and  at  the  same 
time  the  poorest  in  organic  matter.  In  the  enamel  of  a 
human  adult  tooth  there  is  as  little  na  3i  to  B  per  cent 
of  organic  matter,  and,  judging  from  its  hrittleness  and 
transparency,  there  is  probably  even  less  in  the  enamel 
of  aomo  lower  animals;  tho  lime  salts  cuoaist  of  a  large 
quantity  of  calcium  phosphate,  some  carbonate,  and  a  trace 
of  fluoride;  in  addition,  there  ia  a  little  magnesium 
phosphate. 

Von  Bibra  givea  two  analyses  of  enamel : 


Calcium  Phosphate  and  Fluoride  .  89'«2  81-63 

Calcium  Carbonate  .          ...  4'3r  8-88 

Magnesium  Phoaphuto  1-34  2'55 

Other  Salts '88         -97 

Cartilage 3-39  5-97 

Fat .         ,                   ....  'tiO  a  trace 

Organic                  .         -         .        '.       3'59       S'9T 
Inorganic 96-41     94-03 

Owing  to  the  very  small  proportion  of  organic  matter 
enamel  when  treated  with  a  mineral  acid  wholly  diaappeara, 
no  organic  framework  being  left  behind.  The  structure  of 
enamel,  composed  as  it  is  of  prisma  of  calcified  material,  is 
closely  imitated  in  the  invertebrate  world  by  the  i^hell  of 
Pinna  and  many  other  molluscs,  but  these  dift'er  in  Bcveral 


\ 
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roapectB,  amougst  otbara  in  havUig  bo  large  a  proportioa  of 
organic  basis  as  to  retain  a  structure  after  decaloifloatioii. 
The  cap  of  humau  enamel  ia  of  varj-iug  thickness,  being 
thicker  in  the  noii^hbourhood  of  onspa  thtm  elsewhere; 
teeth  of  limited  growth  it  terminates  by  a  thin  edge  at  the 
neok  of  the  tooth,  where  it  ia  overlapped  to  aome  slight 
extent  by  the  cemontum.  When  a  thick  coating  of  cemen- 
tum  exists  over  the  whole  crown,  this  lies  outside  the 
enamel,  the  proper  place  of  which  ia  therefore  between  the 
oemeutum  and  the  dentine. 

The  external  surface  of  human  enamel  is  finely  striated, 
the  course  of  the  atrice  being  transverse  to  the  long  axis  of 
the  crown  ;  in  addition  to  this  very  fine  striation,  there  may 
be  a  few  deeper  and  more  pronounced  groovea  or  pits,  which 
are  pathological,  and  are  marks  of  checks  in  development 
more  or  less  complete.  The  enamel  of  some  animals  is,  to 
all  appearance,  atruetiu^less  ;  such  is  the  nature  of  the 
little  caps  which,  like  spear  points,  surmount  the  teeth  of 
fishes  of  the  eel  tribe,  cod  tribe,  or  of  the  newt,  and  which 
from  their  extreme  brittleneas  lire  often  lost  iu  preparing 
sections,  ao  that  their  very  esistence  liaa  long  been  over- 
looked. But  the  absence  of  structure,  if  such  it  really  be,  ia 
after  all  i\  mere  question  of  degree  ;  in  the  commonest  form 
of  enamel,  such  as  that  of  the  human  teeth,  there  is  a  finely 
fibrous  structure,  very  apparent  in  imperfect  teeth,  but  far 
less  so  in  well-formed  ones,  and  the  enamel  of  the  eel  ia,  in 
the  manner  of  its  development,  fibrous  ;  so  that  even  though 
we  cannot  distinguish  its  constituent  fibres  when  it  is  com- 
pleted, this  is  merely  an  indication  that  caltiification  has 
progressed  a  little  fiirther  than  in  human  teeth  :  if  calcifica- 
tion only  goes  far  enough,  all  structure,  if  not  destroyed, 
will  at  all  events  be  mraked  from  sight. 

The  structure  of  human  enamel  has  been  stated  to  be 
fibrous ;  that  ia  to  say,  it  has  a  cleavage  ib  a  definite  direc- 
tion, and  is  capable  of  being  biokeu  up  into  fibres  or  prisms 


to  A    MANUAL    OF  DENTAL   ANATOMl^^^^^M 

irbich  seem  in  transveree  section  to  approximate  mora  tor 

less  closely  to  hexagonal  foriiiB  brought  nbout  hy  their 
mutual  ttpiKwitioii.  The  prifinia  ruu  from  the  dentine  towanU 
the  free  surface ;  tliis  ie,  however,  aubject  to  niuiir  minor 
raodificHtiouH.  The  curved  and  dccuaauting  eoiinw  of  Um 
hnniitn  enamel  priems  rendcra  it  ditlieult  to  truce  tliem 
throughout  their  length,  but  the  structure  of  the  enatael  of 
many  lower  animitls  (especinlly  the  rodentw)  is  more  euailj' 
intelliji^ble.  Enamel  such  as  that  of  the  Manatee,  in  whicb 
all  the  prisms  pursue  a  perfectly  straight  course,  ia  of  com- 
pai-atively  rare  oecurrence ;  hut  among  the  rodents  the  courseB 
pursued  by  the  enamel  prisms  are  simple,  and  produce  very 
regular  pattenis,  which  are  constant  for  i>ai-tieular  fumiliea 
(J.  Tomes).  Thus,  in  the  Sciuridie,  a  section  of  the  enamel, 
whether  longitudinal  or  transverse,  appeiirs  divided  into 
an  outei'  and  inner  portion,  in  which  the  prisms,  ulthouglj 
continuous  from  the  dentine  to  the  tree  suiftiee,  pursue 
different  directions.  Aa  seen  in  longitudinal  aecticm,  the 
enamel  prisms  start  from  tlie  dentine  at  right  lUigles  to  its 
surface,  and  after  passing  through  about  two-thinia  of  the 
thickness  of  the  enamel  in  this  direction,  abruptly  bend  up- 
wards, forming  an  angle  of  45  degrees  with  their  origiaal 
course.  In  transverse  section  the  enamel  prisms  are  fuunt). 
to  be  arranged  in  horizontal  layers,  each  layer  being  a  single 
fibre  in  thickness  ;  in  nlteninte  layers  the  prisoiK  p^iss  to  tile 
right  and  to  the  left,  crossing  those  of  the  next  layer  at  right 
angles,  and  thus  making  a  pattern  of  squares  in  the  inner  two- 
thirds  of  the  enamel.  But  in  the  outer  third  of  tlie  enamel, 
whore  the  prisms  bend  abniptly  upwards,  those  of  Muperim- 
posed  layers  no  longer  poaa  in  opposite  directions,  but  are  all 
parallel ;  in  fact  no  longer  admit  of  distinction  into  laminec 
Thus  each  enamel  prism  passes  in  a  very  definite  direction, 
and,  seen  with  those  of  other  layers,  forms  a  very  charuo- 
teristic  pattern  ;  but  the  enamel  prisms  are  not  in  any  part 
of  their  course  cur^'ed. 
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In  the  beavor,  from  winch  the  follotting  ftgiire  la  taken, 
the  arrangement  of  the  enamel  prisms  la  dissimilar  in  the 
upper  and  loner  teeth,  the  lamination  taking  place  in 
different  directioas,  so  that  a.  longitudinal  section  of  the  one 
might,  so  far  as  this  is  concitncd,  be  mistaken  for  a  trans- 
verse section  wf  the  other      Aa  rej^aidti  the  decussation  of 


Fig   11  \') 


the  pnsnia  of  alternate  layers,,  it  is  similar  to  tli^t  of  the 
Soinndie,  but  it  difters  in  the  laminte  being  elighth  flexuoim 
instead  of  pursuing  perfectly  straight  hues  . 

In  the  porLupine  family  ^ery  much  moio  complex 
patterns  are  met  with,  the  enamel  priams  bting  individually 
flexuous,  and  then  curies  not  being  confined  to  one  plane  ; 
the  individual  prisms  pursue  a  serpentine  course,  \nd  cannot 
be  followed  far  in  any  one  section  Near  to  the  siuface, 
however,  they  all  become  parillel,  the  enamel  thus  conform- 
mg  with  that  of  other  rodents  in  being  divided  into  two 
portions  (at  least  so  far  as  the  course  pursued  by,  and 
the  pattern  traced  by,  its  fibres  m  its  inner  and  outer 
parts  can  be  said  to  so  di\ide  it)  The  Lepundie,  or  hares, 
form  an  exception,  their  enamel  has  no  such  lainellifonH 

['}  Bection  of  dentine  and  enamel  ut  t,  lieaver  ;  in  the  inner  half  the 
jiriBma  of  conliguons  layera  cross  each  othtr  at  right  angles,  in  the  outer 


(irrangemeDt,  but  itt  built  Up    merely  of  alightljr  fl 
prisma. 

By  traciii);  the  courses  of  eniunel  prisuiB  from  the  simple 
pattern  found  in  tbe  Slnnateo  through  that  of  the  wintml, 
dormouse,  and  the  porcupine,  we  boo  how  n  very  ilofiiuto 
arrangement,  itt  first  simple,  becomes  mudifleii  into  sonu^ 
thing  a  little  more  complex,  till  ut  last  it  reaoLea  a  degree 
of  complexity  that  looks  like  mere  disorder.  No  uno  un- 
familiar with  the  eufiuiel   of  other  rodentH,  looking  a 


enamel  of  the  porcupine,  would  be  able  to  n 

indefinite  looking  chaos  of  prisms  before  him  ; 

studied  fonns  in  some  degree  transitional  he  cou 

that  the  tortuous,  curving  course  which  he  s;n 

to  be  pursuing  was  nevertheless  perfectly  definite  and  precise, 

and  formed  part  of  a  regidar  pattern. 

In  perfectly  healthy  human  enamel  the  fibrillar  arrange- 
ment is  not  so  very  strongly  marked  ;  the  prisms  are  solid, 
lire  apparently  in  absolute  contact  with  one  another,  without 
visible  intervening  substance. 

But  Bfidccker,  basing  his  conclusions  upon  tiic  examination 

ting  aurfaco    of   .1   ninlar.      The 
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of  thin  aectiona  Btaincd  with  chloride  of  gold,  holds  that 
enamel  is  built  up  of  oolumna  of  calcified  substance,  between 
B-hich  minute  Bpacea  exist  These  are  filled  by  a  material 
which  takes  the  stain  deeply,  aud  is  probably  analogous  to 
the  cement  substance  of  epithelifll  formations.  As  seen  in 
sections,  it  gives  off  exceeding  fine  thorns,  which  apparently 
pierce  the  piisms  at  right  angles  to  their  length,  so  that  it 
forms  a  close  network  very  intimately  mixed  up  with  the 
calcified  portion  of  the  euamei. 

It  is  not  of  uniform  thickness,  hut  is  beaded,  aud  Biidecker 
attributes  it  to  a  vflle  of  far  greater  importance  than  that  of 
a  mere  cementing  substance,  for  he  regards  it  as  being  an 
active,  protoplasmic  network,  which  reudera  the  enamel 
much  more  "  alive  "  than  it  has  hitherto  been  considered  to 
he.  He  believes  it  to  become  continuous  with  the  soft 
contents  of  the  dentinal  tubes  through  the  medium  of  large 
masses  of  protoplasmic  mutter  found  at  the  margins  of  the 
enamel  and  dentine. 

But  although  there  are  various  reasons  for  suspecting  that 
enamel  ia  not  completely  out  of  the  pale  of  nutrition  from 
the  moment  that  a  tooth  is  cut,  yet  further  observations  are 
needed  before  tlie  activity  and  importance  of  the  cement 
substance  demonstrated  by  Bcidocker  can  be  held  to  be  fiilly 
established.  Klein  remarks  that  "the  enamel  cells,  like  all 
epithelial  cells,  being  separated  fi'om  one  another  by  a  homo- 
geneous interstitial  substance,  it  ia  clear  that  the  remains 
of  this  substance  must  occur  also  between  the  enamel 
prisms  ;  in  the  enamel  of  a  developing  tooth  the  iiiterstitial 
substance  is  larger  in  amount  than  in  the  fully  formed 
organ.  It  ia  improbable  that  nucleated  protoplasmic  masses 
are  contained  in  the  iuateratitiul  substance  of  the  enamel 
of  a  fully-formed  tooth,  as  ia  maintained  quite  recently  by 
Bo  decker." 

The  study  of  the  development  of  marsupial  enamel,  to  ho 
alluded  to  at  a  future  page,  by  showing  tliat  the  enamel  is 
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penetrated  by  aoft  tissue  diH'oreiitly  placed,  also  teuda  tv 
throw  doubt  upon  Bodecker'a  interpretiition.     ^V.  J.  Bi«rita> 

{Muntliiy  Hei-ieti'  of  Denial  Sitr'jtry,  1874)  haa  perhaps 
had  thia  cementing  substance  under  observation  ;  lie  also 
belieres  that  the  enamel  prismB  of  huiiiiui  enamel  tire  tubular, 
minute  canals  running  along  their  aien. 

On  the  whole  the  prismif  are  parallel,  luid  run  from  tha 
surface  of  the  dentine  coutiuuoiiiily  to  tliiit  uf  the  euamet. 
Their  paths  are  not,  however,  either  perfectly  straight  or 
perfectly  parallel,  for  alternate  layers  apiiewr  to  lie  inclined 
in  opposite  directions,  while  they  arc  also  wavy,  forming 
several  curves  in  their  length.  The  ciiivaturc  of  the  enamel 
prisma  in  most  marked  upon  the  masticating  surface  ;  while 
the  layers,  alternating'  in  the  direction  of  their  iucliaatioit 
as  just  described,  are  in  planes  transverse  to  the  long  ozia 
of  the  crown,  and  eorreapond  to  the  fine  striie  on  the  sur&oe 
of  the  enamel,  which  appear  to  be  caused  by  their  i.uitcrop. 
The  curvatures  take  place  in  more  than  one  plane  ;  in  other 
words,  the  course  of  the  individual  prism  ia  more  or  less  of 
a  spiral. 

Although  most  prisms  run  through  the  whole  tbicknen 
of  the  enamel,  yet  inasmuch  as  the  area  of  the  outer  is  mudi 
l:;rger  than  that  of  the  inner  surface  of  the  enamel  and  the 
individual  prisma  do  not  undergo  anj  alteratitn  m  size  aa 
they  pass  outwards,  many  Biipplemental  fibrLS  an,  present  m 
the  outer  portions  of  the  enamel^«hich  do  not  piuttrato  fer 
inwards. 

The  individual  fibres  are  to^all  appearance  stru  tureleaa 
in  perfectly  formed  human  enamel,  Imt  a  famt  tr  insverBO 
striation,  fainter,  but  otherwise  not  unhkt  that  i  f  \ uluntary 
muscle,  is  so  general  that  it  cannot  be  ief,arded  aa  patho- 
logical,  although  it  is  most  stiongly  developed  iii  imj erfect 
brownish  enamel.  The  atriation  m  question  maj  be  seea 
even  in  a  single  isolated  fibre  and  ib  mt  nice'-amly  con- 
tinuous over  adjacent  fibres,  thtuf^h  it  o'ttu  is  =o  j  it  is 
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rendered  more  apparent  by  the  alight  action  of  diluted  acids 
upon  the  libre.  Very  varioiiH  interpretations  of  this  appear- 
ance have  been  givea  It  has  been  attributed  to  "  an  inter- 
mittent caleifieatiou  "  of  the  enamel  fibre  (Herta),  but  is 
with  more  probability  referred  to  varicoaitiea'  in  the  indi- 
vidual fibres  (Kolltker,  Waldeyer)  ('J.  It  is  very  marked  in 
the  enamel  of  the  common  rat,  which  shares  with  that  of 
other  miiridro  the  peculiarity  of  having  the  individual  fibres 
almost  aerntteii,  those  of  adjacent  orosaing  layers  being  fitted 
to  one  another  with  gi-eat  esactnesa.  In  human  enamel  the 
adjacent  fibres,  if  united  without  any  intermediate  cement- 
ing medium,  and  pursuing  courses  slightly  different,  must 
•  of  necessity  be  of  slightly  irregular  form,  or  else  interspaces 
would  be  left,  which  is  not  found  to  be  the  case.  Thus  the 
"  decussation  of  the  fibres  "  is  a  plausible  explanation  of  this 
appearance  of  striation  ;  indeed  isolated  fibres  do  present  an 
appearance  of  slight  varicosities,  repeated  at  regului-  in- 
tervals. That  the  striation  of  enamel  prisma  is  due  to  this 
cause  is  confirmed  by  Mr.  Febiger,  an  American  espert 
in  the  resolution  of  diatoms,  to  whom  enamel  sections 
were  submitted  for  his  opinion  by  Dr.  Xavier  Sudduth. 
The  penetration,  at  regiUar  intervals,  of  the  prisms  by  the 
"  thoma  "  of  cement  substance  (see  page  53),  affords  another 
possible  esplanation. 

Although  the  perfect  enamel  fibre  appears  to  be  entirely 
homogeneous,  it  is  not  really  so,  for  acids  act  with  fur  greater 
rapidity  upon  the  central  or  axial  portion  of  the  fibre  than 
upon  its  periphery.  The  accompanying  figure,  taken  from 
enamel  softened  by  maceration  in  a  ^  per  cent,  solution 
of  chromic  acid,  shows  this  well ;  the  centi-al  portions  of 
the  fibre  are  dark,  and  are  stained  green  by  the  reduced 
chromium    sesquioxidc,    while    the    clear    interspaces    are 

(')  Tha  3tri!LtioD  of  voluntary  rauacle  liaa  lieen  alleged  to  be  ilue 
to  this  tamp  cause  (Dr,  Hajcraft,  '■  I'mieedings  o£  Boyal  Society,"  Feb. 


uoIourleSB.  Again,  if  dilute  hjdrocbioric  acid  be  applied  to 
a  section  of  enamel,  the  axint  part  of  tho  fibivs  are  firat 
attacked  and  are  dissolved  nway,  so  that,  if  the  Hection  bo 
transverse,  a  fenestrated  mass  remiiiiiH.     During  the  fonM- 

Flo.  21  ('). 


tion  of  enamel  the  hardening  silts  are  deposited  first  in  tbe 
periphery  of  the  enamel  cells,  so  that  tbe  youugest  layer  of 
B  full  of  holes,  each  one  of  which  corresponds  to  tha 
centre  of  a  fibre.    Although  calcification  goes  on  to  obliterato 


Fia.  22[=). 
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the  visible  difference  between  the  centre  mid  the  periphery 
of  the  enamel  fibre,  yet  tho  action  of  an  acid  reveraes  tbo 
order  of  its  formation  and  once  more  makes  it  fenestrated, 
indicating  that  there  is  not  absolute  identity  of  snbstaneo 
in  the  inner  part  of  the  fibre.     In  imvierfoet  enamel,  indeed. 


(')  From  liumaji  enamel,  Eoftencd  in  cLromic 
leadilj'  eut  with  a  knife. 

(')  Transverse  section  of  enamel,  tho  axial  per 
been  remoTed  liy  dilute  bydrocilorio  acid. 


il  it  could  fca 
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a  central  narrow  canal  has  sometimea  been  observed  in  the 
interior  of  an  enan  el  libre 


In  frsict  e<l  ii  mel  the  hne  of  fract  re  b  ?a  d  to  run 
through  the  centre  of  the  fibres  and  not,  as  m  ght  have 
been  expected  through  the  r  nterBj  aces  but  this  I  have 
not  verified 

{')  Cavities  in  liumnQ  ennmel,  whicii  commiinicatD  with  tbe  dentinal 
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There  is  i>ito  an  appcikraiicc  of  Btriation  upon  &  lar  I 
Bcale,  tonsutting  of  brownigU  lineit,  which  ore  never,  or 
rarely,  quite  parallel  with  the  out«r  surface  of  the  e 
but  which  nevertheless  preserve  some  sort  of  parallcAlMa 
with  it  and  the  surface  of  the  dentine.  These  are  known 
as  the  "  brown  atriw  of  Ketziuit, "  ami,  as  they  L-oiucide  with 
what  was  at  ouo  time  the  outer  tiurfiice  of  the  eniuuet  ouap, 
are  in  some  sense  marks  of  its  strati^cation  in  itsi  original 
deposition. 

Pigment  is  seen  in  the  enamel  of  many  rodents  ;  it  is  ia 
the  outer  layers  of  the  enamel,  btit  haa  uo  shurply  defined 
boundary,  fading  awa}-  gradunlly  into  the  coluiirless  tissus 
lying  within  it.  Some  authors  have  supposed  thut  the  pig- 
ment lay  in  a  thin  coating  of  cenientum,  or  in  ii  very  dis- 
tinct layer  of  enamel,  but  aa  luia  juat  been  Btated,  such  is 
not  the  case. 

Cavities  of  irrcgidar  form  sometimcB  c-'sist  in  the  enftniel 
near  to  the  surface  of  the  dentiue,  and  ivheu  such  spuces 
exist  the  dentinal  tubes  sometimes  communicate  with  them, 
but  these  are  perhaps  to  be  regarded  aa  i>atlLo logical ; 
Bodecker  regards  them  aa  filled  up  by  protophiaui.  Irregular 
fissures  and  cavities  idso  occur  upon  the  outer  surface  of  tlie 
enamel,  which  also  have  no  special  significauce  save  as  pre- 
dispoaing  causes  of  dental  caries. 

In  man,  however,  dentinal  tubes  may  occasionally  be  seea 
to  enter  the  enamel,  passing  across  the  boundary  lietween 
the  two  tissues,  and  pursuing  their  course  without  being  lost 
in  iiregular  cavities,  though  this  appearance  is  seldom  to  bs 
found.  Aa  was  pointed  out  by  my  father,  the  piissage  of  the 
dentinal  tubes  into  and  through  a  great  part  of  the  thickness 
of  the  enamel  takes  place  in  moiBupials  with  such  eonstajKy 
as  to  be  almost  a  class  characteristic. 

The  only  exception  to  the  rule  amongst  recent  maraupiaU 
occurs  in  the  wombat,  in  which  no  dentinal  tubes  enter  the 
enamid  ;  those  extinct  marsupials  which  h.ive  been  esaminud 


(')  Eiiajiiel  aad  dentine  of  h  KangiirDD  (Macropiit  utajut). 
The  deiHiiinl  tubes  in  the  dentine  (A)  are  furnished  nitli  D 
Bhort  hrancbea  at  the  line  of  juncture  with  the  enamol ;  thej  are  dilnteil, 
and  a  little  bent  out  of  their  cotrse,  while  beyond  the  dilatation  thej  iiass 
on  thiongh  about  two-thirda  of  the  thickaess  of  the  enamel  iu  a  atraigiit 
cjuraa  and  without  branches.  Only  a  part  of  the  whole  thicknu^s  of  the 
antmel  ia  shown  in  the  G)^e. 
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present,  as  might  have  been  expected,  a  striictura  in  tfais 
respect  similar  to  that  of  their  nearest  allies  nmuiigst  the 

recent  generit. 

The  enamel  of  the  wombat  is  peciilinr  also  in  niiotlier 
respect,  being  covered  by  a  Btroiig  and  remarkably  iinifonn 
layer  of  cementum. 

The  penetration  of  the  enamel  liy  dentinal  tnliea  is  not, 
however,  a  peculiarity  quite  coutiued  to  the  mnrsiipials,  for 
it  is  to  be  foimil  in  some  nMleuts  (f.^.  tiie  jerboa),  and  la 
some  inaectivora  (e.^.,  the  Soricidte). 

Waldeyer  and  Hertz  doubt  the  piissnge  of  the  tubes  of  tiie 
dentine  iuto  the  enamel ;  as  Kiilliker  olwerves,  it  ia  difficult 
to  see  how  they  can  doubt  it,  even  after  mere  observation  of 
a  single  Bpecimeu ;  moreover,  it  is  also  capable  of  experi- 
mental demonstration,  for  if  an  acid  capable  of  removing  tho 
enamel  be  applied  to  one  of  these  sections  of  marsupial  teetli 
80  as  to  dissolve  away  the  enamel,  tho  freed  lubes  are  left 
hanging  out  from  the  edge  of  the  dentine,  thus  jmtting  the 
matter  beyond  all  possibility  of  doubt.  The  enamel  ia  also 
penetrated  by  dentinal  tubes  in  some  deep  sea  fiahea. 

The  most  marked  variation  in  the  structure  of  enamd, 
which  is  on  the  whole  a  tissue  diflering  but  little  in  various 
animals,  ia  met  with  in  the  class  of  fish. 

In  the  Sargus,  or  sheep's-head  fish,  for  example,  the  enamel 
is  penetrated  by  a  system  of  tubes  which  are  not  continued 
out  of  or  derived  from  the  dentine,  but  belong  to  the  enajoel 
itself. 

The  tubes,  as  seen  in  the  figure,  run  at  right  anglea  to 
the  external  surface  of  the  enamel,  proceed  inwards  without 
branch  or  bend  for  some  little  distance,  and  then,  at  about 
the  same  point,  bend  abruptly  at  an  angle,  and  give  off 
numerous  branches.  The  meshwork  produced  by  the  croBB- 
ing  of  tho  tubes  at  all  aorta  of  angles  in  the  inner  part  of 
the  enamel  is  so  complicated  as  to  render  it  impracticable 
to  reproduce  it  in  a  drawing.     That  portion  of  enamel  next 


r 
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to  the  dentine  ia  without  crrnals.  Von  Boaa  (Zeita.  f.  wiasen. 
Zoolog.,  Bd.  sxiii.},  deaoribing  the  sirailtirly  constructed 
enamel  of  scaroid  fiahes,  saya  that  I  waa  in  error  in  aup- 
poaing  that  the  canals  open  upon  the  outer  surface  of  the 
eaameL     But  I  do  not  understand  hia  reaaona  for  disaenting 


from  my  opinion  which  re-ex  animation  of  many  spcLimens 
has  tended  to  confirm  I  havt  not  been  ible  to  tatiafy 
myself  "obether  the  tubes  occupy  the  mterspaoes  of  the 
enamel  pnsms,  or  their  oseb 

It  would  appear  also  as  if  theae  tubes  were  empty  duriny 
life,  as  in  sections  they  appear  to  be  more  or  leas  blocked  up 
with  dirt.  The  existence  of  the  priama  at  ail  is  not  certain, 
aud  this  led  KiiUiker  to  say  that  true  enamel  does  not 
appear  to  exist  in  fishes  (Mik.  Anat.  p.  114) ;  the  enamel  of 
fish  is,  however,  developed  from  an  eoame!  organ  homologous 
with,  and  exactly  like,  that  of  amphibia  and  reptiles,  so 
that  theae  anomalous  tissues  must  be  regarded  aa  being  un- 
questionably enamel. 

0  Enamel  anJ  dentine  of  the  Sheep'a-heaJ  fish  {Sargu)  oi'i»). 
The  enamel  ia  penetrHted  by  a  ajBtam  of  channels  which  enter  from  its 
free  exposed  enrfaee,  pass  in  for  a  certain  distanra  in  straight  Hues,  anci 
then  abruptly  bending  at  an  angle  cross  one  another,  and  produce  n  com- 
plicated pattern  in  the  inner  lliiid  of  the  enu.mct. 


r 
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DBSTINE. 

Thk  dentine  makes  up  tho  greater  part  of  every  t 
which  thus,  even  after  the  removal  of  tlie  other  ( 
would  preserve  somewhat  its  chivracteristic  form.     Sercnl 
varieties  of  dentine  c\\At    in  which    those    peoulioritjea  of 

strncture  irhich  differentiate  it  from  Uine  are  leiw  marked, 
so  that  a  point  is  sometiiaea  reached  at  which  it  is  hard  to 
:uy  whether  a  particular  structure  HhoiUd  mure  rightlv  be 
regarded  na  deutine,  or  ns  bone.  It  will  be  most  couveuicut 
to  commence  with  the  description  of  thiit  viiriety  of  dentilM 
which  differs  most  markedly  from  lK>ne  ;  iu  other  wordo, 
which  has  the  most  typical  "  dentinid  "  strncture  ;  and  fiw 
that  piupoae  the  tissue  met  with  in  the  teeth  of  man  sod 
the  majority  of  mammalia,  (though  it  is  by  no  meuns  o«l- 
fined  to  tliat  class,)  and  known  under  the  name  "  hard  "  or 
"  unvaacular  "  dentine,  may  be  selected. 

Deutine  is  a  hard,  highly  elastic  eubatauce,  tu  ccdmn 
white  with  a  slight  tinge  of  yellow,  and  to  some  est«at 
tranelueent,  its  transparency  being  often  made  more  atriking 
by  contrast  with  the  opacity  which  marks  the  first  advent  »rf 
dental  caries.  Wlien  broken  a  silky  lustre  is  aeon  upon  t^e 
fractured  surfaces,  which  being  in  the  main  due  to  tho 
presence  of  air  in  its  tubes,  is  more  apparent  in  dry  than  in 
fresh  dentine  ;  its  fracture  is  sometimes  described  as  finely 
fibrous. 

The  mass  of  the  dentine  consists  of  an  organic  matrix 
richly  impregnated  with  calcareous  saltM  ;  this  matrix  is 
everywhere  permeated  by  parallel  tubes,  which  run,  with 
some  deviations,  in  a  direction  ut  right  angles  to  the  surfatw 
of  the  tootii. 

The  Matrix. — The  exact  chemical  compOKition  of  tha 
matrix  is  not  known  ;  in  man  the  proportion  b<irno  by  tJie 
organic  to  tho  inorganic  constitAicnts  varicK  in  different 
individuals,  and  very  probably  in  the  saiuu  iuJividual    at 
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different  ages,  so  that  analyses  can  only  give  approximate 
results.  In  a  fresh  human  tooth  62  per  cent,  of  its  weight 
was  found  to  be  inorganic  salts,  the  tooth  cartilage  being  28 
per  cent,  leaving  a  residue  of  10  per  cent,  of  water. 

Von  Bibra  gives  the  following  analysis  of  perfectly  dried 
dentine  : — 


Organic  matter  (tooth  cartilage) 
Fat      .... 
Calcium  phosphate,  and  fluoride 
Calcium  carbonate 
Magnesium  phosphate 
Other  salts  .... 


27-61 
0-40 

66-72 
3-36 
1-18 
0-83 


Von  Bibra  gives  another  analysis  : — 

Cartilage  ..... 

Fat 

oaiis         .         .         •         .         . 
Magnesium  phosphate  . 
Calcium  phosphate,  and  fluoride 
Calcium  carbonate     . 


20-42 

•58 

1-00 

2-49 

67-54 
7-97 


And  Berzelius  gives 

Gelatine  and  water    . 
Sodium  salts 
Magnesium  phosphate 
Calcium  phosphate 
Calcium  fluoride 
Calcium  carbonate 


28-00 
1-50 
1-00 

62-00 
2-00 
5-50 


The  dentine  of  many  mammals  is  very  much  more  ricli 
in  magnesium  phosphate  than  human  dentine  is ;  even 
the  latter,  it  would  seem,  from  the  discrepancies  existing 
between  the  various  analyses,  is  variable  in  composition, 
but,  on  the  whole,  it  may  be  said  that,  amongst  inorganic 
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coustitueuts  of  dciitiDe,  OHlcium  pliii9]ihat«  lai^yjl 
derates ;  from  3  j  to  8  per  cent,  cotisists  of  calcittDi  ( 
uate;   a  much   Bmallcr  proportion  coiisiuta  of  i 
phosphate,  while  calcium  fluoride  ejiists  in  traces  onlj. 

The  organic  basis  of  the  nintrix  is  closely  related  tov 
of  bone,  with  which  however  it  is  not  identical;  it  1 
flrmer  consistence,  aiid  does  not  really  yield  gelattnQ  ( 
boiling,  but,  according  to  KoUiker  (who  quotes  Hoppe),  the 
dentine  of  the  pig  yieldu  a  Bubstanoo  resembling  glntia, 
the  dentinal  globules  reiDaining  tiii<Hssolved.  The  anitn^l 
basis  of  the  dentine  is  called  "dentine  curtilage,"  aud  is 
readily  obtainable  by  submitting  a.  tooth  for  several  days  to 
the-<action  of  diluted  acidn.  The  form  and  most  of  the 
Structural  characteristics  of  a  tooth  so  treated  are  mun- 
taioed,  the  dental  cartilage  forming  a  tough,  Qexiblc,  and 
elastic  semi-transparent  masu. 

In  the  matrix  of  a  perfect  tooth  no  trace  of  oellular 
Btmeture  cau  Im  detected  ;  it  is  uuiform  and  perfeotlj' 
transparent. 

The  Dentinal  TnbeB.— As  has  been  lUreatly  mentioned, 
the  miitris  is  everywhere  permeated  by  tubes,  the  precise 
direction  of  which  Taries  in  different  parts  of  the  tooth, 
so  that  the  following  description  of  their  course  miist  be 
taken  as  merely  in  a  general  way  descriptive,  and  not  as 
of  universal  or -precise  application.  Each  tube  starts  by  an 
open  cireular  mouth  upon  the  surface  of  the  pulp  cavity; 
thence  it  runs  outwards,  in  a  direction  generally  per- 
pendicular to  the  surface,  towards  the  periphery  of  the 
dentine,  which,  however,  it  does  not  reach,  as  it  beoomes 
smaller,  aud  breaks  up  into  branches  at  a  little  diatauce 
beneath  the  surface  of  the  dentine. 

Near  to  the  pulp  they  arc  so  closely  packed  that  there  is 
little  room  between  them  for  the  matrix,  while  near  to  the 
outside  of  the  tooth  they  are  more  widely  separated  :  their 
diameter  is  also  greater  near  to  tiic  pulp  cavity. 
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The  dcEtiual  tubes  dti  not  puraue  a  petTectly  straight 
course,  but  describe  ciirvea  both  on  a  larger  imd  a  amaller 
scale.  The  longer  eurvea  are  leaa  abrupt  than  tho  others, 
and  are  termed  the  "  primary  curvatiirea  ; "  they  are  often 
compared  to  the  letter  /,  to  which  they  bear  a  certain 
amount  of  resemblance ;  the  primary  ourves  are  more 
pronounced  in  the  crown  than  in  the  root. 


The  secondai'y  curvatures  are  very  much  m 
und  are  smaller ;  the  actual  course  of  the  dentinal  tube  is, 
in  many  places  at  all  events,  au.  elongated  spiral,  as  may 
be  very  well  seen  in  thick  sections  transverse  to  the  tubes  ; 
by  ttlteratiouM  in  the  focus  of  the  microscope  the  appearance 
of  tlie  tube  making  a  spiral  turn  is  made  very  striking. 
The  effect  of  an  elongated  spiral  viewed  on  its  aide  will  of 
<iOurae  be  only  alight  imdidationa,  such  as  are  the  secondary 
curvatures  of  the  tubes.  The  spiral  course  of  the  dentinal 
tubes  ia  most  strongly  marked  in  the  roots  of  teeth. 

(I)  Dentine  and  cimontum  of  o  Narwal,  Ehowing  contour  lines  iliic  to 
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When  a  tmnsTcree  section  of  dtintino  is  Tiewed.  bAndt'dil*' 
rings,  coQcentric  with  the  pulp  cavity,  tiro  aeon,  mi<l  tlic  wune 
bands  may  lie  seen  in  longitudinal  section.  Siii^li  a,  striated 
or  lamiuAted  appearance  in  the  dcDtinc  luaj  l)c  duo  to  tvo 
causes ;  and  some  little  confueion  has  arisen  iii  the  iioineD- 
clature,  owing  to  its  double  origin  not  having  iJwiiya  been 
kept  in  view.  Such  striEe  maj  be  due  to  the  presence  of 
rows  of  interglobular  spoceit,  or  to  the  coincidence  of  tlM 
primary  curi'atiires  of  neighbouring  lU'Utinnl  tiilwa  :  tJurt 
is  to  say,  each  tube  bends  at  the  same  distance  frutu  tha 
surface,  and  the  beud  makes  a  difference  iii  the  optical  pro- 
perties of  the  dentine  at  that  point 

Schreger  described  thesu  latter :  the  lines  of  Schreger, 
therefore,  are  markings,  ranged  parallel  with  the  exterior  of 
the  dentine,  which  ai'e  due  to  the  curvatures  of  the  dentinal 
tubes. 

The  "  contour  lines "  of  Owen,  eveu  in  his  own  works, 
include  markings  of  Itcth  classes;  i.  e.,  those  due  to  the 
curvature  of  the  dentinal  tubes,  and  those  due  to  lamiDSo  of 
intei^lobular  spaces,  such  as  are  met  nith  in  the  teeth  of 
Cetaoea.  Ketzius  had  seen  and  described  contour  uiarkingB 
due  to  interglobular  spaces,  though  his  name  is  not  usually 
associated  with  them,  the  "  brown  strise  of  Retzius  "  beutf 
markings  in  the  enamel. 

The  tubes  as  they  pass  outwards  often  divide  into  twti 
equally  large  brauches ;  they  also  give  ofi'  fine  lirancbo, 
which  anastomose  with  those  of  neighbouring  tuln's.  In  tlie 
crown  of  a  human  tooth  these  fine  bninches  iire  compam- 
tively  few,  imtil  the  tube  has  reached  nearly  to  the  enamel, 
but  in  the  root  they  are  so  numerous  as  to  iiffonl  a  ready 
means  of  distinguishing  whence  the  section  has  becu  taken. 
The  araall  branches  above  alluded  to  are  given  off  at  ri^Ut  -  i 
angles  to  the  course  of  the  main  tube,  which,  iiowever,  itsdf 
frequently  divides  and  subdivides,  its  divisions  puraning  a 
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The  tubes  are  subject  to  slight  varicosities,  and  theii- 
couree  is  somctimaa  apparently  interrupted  by  a  small  inter- 
globular apace,  ae  is  to  be  seen  in  an  estreme  degi'ee  in  the 
dentine  of  Cetacca. 

Owing  to  their  breaking  up  into  minute  branches,  some 
of  the  tnbea  betomo  lost  aa  they  approach  the  surface  of  the 
dentine,  and  apparently  end  in  fine  pointed  extremities. 

Sijme  terminate  by  anastomosing  with  terminal  branches 
of  others,  forming  loops  near  to  the  surface  of  the  dentine  ; 
others  tcnniuato  far  beneath  the  surfaee  in  a  similar  way. 


Some  tubes  pass  into  the  small  interglobular  spaces 
which  constitutB  the  "granular  layer"  described  by  my 
father,  while  others  again  pass  out  altogether  beyond  the 
boundary  of  the  dentine  and  anastomose  with  the  canaliculi 
of  the  lacunin  in  the  cementum. 

The  enamel  also  may  be  penetrated  by  the  dentinal 
tubes,  though  this  when  occurring  in  the  human  subject 
nauat  be  regarded  as  esceptional  and  almost  pathological 
in  its  nature  (aee  Fig.  23),  As  bus,  however,  been  men- 
tioned in  speaking  of  the  enamel,  in  most  of  the  Marsupials 
and  in  certain  other  animals  it  is  a  perfectly  normal  aud 
indeed  characteristic  occnrrence,  difficult  though  it  be  to 
aee  how  Huch  a  relation  of  parts  is  brought  about  iii  the 
course  of  development  of  the  two  tissues. 

(')  Termination  uf  a  clEntiiiul  tube  in  tlie  midst  of  the  dentin D—hnnmn, 
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Dentiiial  Sheatlui. — If  dcutiuo  bo  oxpiisod  to  the  itetJmi 

of  Btn-iig  iiuiii  f  .r  some  duys,  a  surt  of  tibroitii  felt,  or  if  tiw 
action  of  the  iicid  hjis  gone  fiirtlier,  n  truuspnrent  aliine  aknw 
remains.  Kiumlued  witli  the  micruMcope  this  prove*  to  be  a 
eolleetion  uf  tulies  ;  it  is,  in  fact,  niiidc  up  of  tlie  iiiiraediat« 
walla  fif  the  dentinal  tubes,  the  intcrveuing  matrix  having 
been  wholly  destroj-ed. 

Two  facts  arc  thns  demonstrated  :  the  one  that  the  tubes 
have  definite  walla,  and  ure  not  Hiniplc  chaniicla  in  the 
matrix ;  the  other,  that  these  walls  nre  composed  of  aome- 
thing  singularly  iiideBtructiblo.  Indeed,  the  walls  of  the 
dentinal  tubes  are  no  iudcstructiiilc  that  they  may  be 
demonatratsd  in  fossil  teeth,  in  teeth  boiled  in  caustic 
alkaliSj  or  in  teeth  which  have  been  allowed  to  putrefy. 

Although  KiJlliker  was,  1  believe,  the  fiint  to  describe  and 
fignre  these  isolated  tubes,  they  arc  gencially  knowti  aa  the 
"  dentinal  aheaths  of  Neumann,"'  the  latter  writer  having 
more  fully  investigated  and  deacribod  them.  The  precise 
chemical  nature  of  these  aheatha  will  be  more  conveniently 
conaidered  under  the  head  of  calcification  :  similiu-ly  inde- 
stnictiblo  tissues  are,  however,  to  be  met  with  surrounding' 
the  Haversian  canals  and  the  lacunte  of  bone.  It  is  tlie 
opinion  of.  Neumann,  as  it  was  also  of  Henle,  that  the 
dentinal  aheaths  are  calcified  ;  but  the  proof  of  this  is 
very  diflicult,  aa  they  cannot  be  demonstrated,  or  I  ahould 
rather  say,  isolated,  to  any  extent  in  dentine,  unlet^s  it  faas 
been  decalcified.  Their  existence  as  distinct  from  the  fibrils 
has  been  reccTitly  denied  by  Magitot  and  by  Di-.  Sudduth,. 

Transverse  sections  of  dentine  present  fallacioua  ap[>ear> 
sncea,  owing  to  the  thickness  of  the  section  giving  to  the 
tube  a  double  contour  which  may  bo  easily  mistaken  for  a 
special  wall.  Immediately  round  the  oi)euing  of  the  oaoal^ 
or  "lumen,"  aait  is  called,  there  is  however  generally  a  thin 
yellowish  border,  which  may  perhaps  be  the  sheath  of  Neu- 
mann,    Tn  the  earlier  stages  of  caries,  before  the  dentine. is 
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h  softened,  tiie  walls  of  the  canale  become  strikingly  appa- 
rent, But  it  muat  be  remembered  that  the  dentinal  sheaths 
can  only  be  demonstrated  by  processes  which  anioimt  to  a 
partial  destruction  of  the  deotiue,  and  they  are  therefore  in 
some  degree  at  all  events  artificial,  and  it  may  be  that  they 
have  no  real  existence  until  they  are  brought  into  existence 
by  the  action  of  these  agents.     In  tliiit  case  all  that  we  arp 

Fio.  28  (1). 


entitled  to  say,  is,  that  the  immediate  surroundrnga  of  the 
soft  fibril  differ  somewhat  in  chemical  constitution  from  the 
parts  of  the  matiix  which  are  more  remote,  and  so  that 
under  the  action  of  destructive  agents  the  matris  may  bo 
split  np  into  the  sheathing  layers  round  the  fibrils  and  the 
more  soluble  residuum  of  the  matris. 

Dentine  would  thus  be  considered  as  a  tissue  made  up  of 
a  calcified  matrix,  analogous  to  that  of  bone,  pe'rineated  by 
the  soft  fibril  just  as  bone  is  jiermeated  by  canaliculi  witli 
soft  contents,  but  having  this  peculiarity,  that  the  latest 
formed  portions  of  matrix,  namely,  those  immediately  em- 
bracing the  fibrils,  dift'ered  sufficiently  from  the  bulk  of 
the  matrix  in  chemical  constitution  to  enable  them  to  be 
isolated  as  sheathing  tubes. 

The  canals  which  everywhere  permeate  the  dentine  are 
not  empty,  a  fact  which  might  be  inferred  from  the  differ- 
ence in  trans]  ucency  and  general  aspect  of  dry  and  fresh 

ilontiDO.     Tho  flppoarance  of  a  double  contour 
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dentine,  whether  Been  in  maas  or  in  tliin  section  ; 

are  they,  as  was  at  one  time  8upin)Mii,  tenanted  merdy  hj 

fluid. 

Dentmal  Fibril*  .—Each  cuiial   in  occupied  by  a  soft 

ftbril,  whicli  is  continuoua  uith  a  cell  upon  the  siiirfoce  of 
the  pulp ;  the  existence  of  these  soft  tibrila  wiis  first  dunum- 
HtrJted    by    uiy    father,    ttlm    thuK,    tn    use     tiu^    words    of 


Fiii.  20  (1 


I 


rreut  interpretation  of 


Waldeyer,  "  opened  the  wjiy  to  ii 
the  nature  of  the  dentine." 

Henle,  in  his  "AUgemeine  Anatomie,"  (1841),  ii  transla- 
tion of  a  portion  of  which  is  to  be  found  in  the  "  Archivea 
of  Dentistry,"  (1865),  figured  and  described  projections  fwan 
the  edges  of  fragments  of  dentine  in  continuity  with  ^aa 
dentinfd  tubes.  These  he  distinctly  describes  ns  cu/ei/ied  and 
rigid,  adding  that  by  the  use  of  acids  they  may  be  oiade 
flexible ;  he  speaks  of  the  tube  aB  empty,  save  when  blocked 
by  granular  calcareous  matter,  and  alludes  to  fluids  enteimg 
it  by  capillarity ;  and  lastly,  he  says  nothing  w  hatever  <rf 
the  connections  of  the  pulp  with  the  tubes. 

Mailer,  (as  translated  in  Nasmyth  on  the  "  Structuts  of 
the  Teeth,"  1839),  says,  "  in  breaking  flue  sections  of  the 
teeth  perpendicularly  to  the  flbres,  he  has  frajuently  seen  the 

(I)  A  fragment  of  lientine  (a),  through  which  run  tlie  softer  fibriU  (e), 
wliicli  aro  seen  to  be  continuous  with  tbe  odontoblast  cells  (i).  (After 
Dr.  Lionel  Bcale. ) 
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latter  projecting  a  little  at  the  fractured  edge.  In  such 
cases  they  are  quite  straight  and  not  curved,  and  seem 
to  be  not  at  all  flexible.  Hence  it  follows  that  the  tubes 
have  an  organised  basis,  a  membrane,  and  that  this  is  stiff 
and  brittle,  and  probably  saturated  with  calcareous  salts, 
but  weak  and  soft  in  a  decalcified  tooth." 

The  whole  importance  of  my  father's  discovery  lay  in  the 
fact  that  dentine  is  permeated  by  soft,  uncalcified  structures  ; 
and  what  is  yet  more  significant,  that  these  soft  fibrils,  per- 
meating the  hard  dentine,  proceed  from  the  pulp.  lA  no 
sense,  therefore,  did  Henle  anticipate  this  discovery. 

In  1854  Lent  figured  processes  from  the  dentinal  cells 
(odontoblasts)  which  he  rightly  conceived  to  be  concerned 
in  the  formation  of  dentine  ;  but  in  the  earlier  editions  of 
the  *'  Histology  "  of  his  friend  and  teacher.  Prof.  Kolliker, 
although  Lent's  discoveries  are  described  and  adopted  with- 
out reservation,  no  mention  of  the  real  structure  of  dentine 
occurs.  But  in  the  last  edition.  Prof.  Kolliker  says — *•  after 
Tomes  had  described  a  soft  fibre  in  each  tube,  I  fell  into  the 
mistake  of  supposing  that  these  fibres  and  the  tubes  were 
one  and  the  same." 

The  circumstances  under  which  the  dentinal  fibrils  can 
or  cannot  be  discovered  are  as  follows,  and  may  be  taken  as 
indications  of  a  distinction  between  the  dentinal  fibrils  and 
the  dentinal  sheaths. 

If  a  tooth  section  be  submitted  to  the  action  of  a  caustic 
alkali  and  boiled  in  it,  or  be  allowed  to  completely  putrefy, 
so  that  the  soft  parts  are  entirely  destroyed,  the  dentinal 
sheaths  can  still  be  demonstrated,  but  the  fibres  can  in  no 
way  be  brought  into  view  (Kolliker).  The  dentinal  sheaths 
may  be  demonstrated  also  in  fossil  teeth,  as  has  been  shown 
by  Hoppe  (Wurzburg  Nat.  Zeitschrift,  Bd.  VI.  p.  xi.)  and 
others. 

In  fresh  dentine  every  formative  cell  sends  a  process  into 
the  dentinal  tubes  (Tomes,  Kolliker,  Lent,  Waldeyer,  Neu- 
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wmm^  and  it  baa  been  foanid  pc«eible  to  demoutimte  1 
tlic  ihcatlM  and  the  6brea  in  the  snnie  secttous  (Neii 
Boil). 

In  tmmene  and  even  in  longitudinal  sections  of  d 
fied  dentine  tbe  fibrils  may  be  rcct^n^isc^  in  lUu  (KulUl 

The  GDotnat  between  the  dentinal  sheaths  and  tiie  G 
a  this  :~the  sheaths  nre  very  indestructible,  and  can  b« 
demonstrated  in  teeth  which  have  undergone  all  sorts  of 
change;  the  soft  fibril  is  no  longer  demonstruble  when  1 
tooth  has  been  placed  in  circumstances  uhicii  would  1 


to  its  soft  parts  perishing.  In  dentine,  then,  we  have  (i.)  B 
matrii  permeated  hy  canals  ;  (ii.)  epeiiial  walls  to  these  canals 
or  "  dentinitl  sheaths ; "  and  (iii.)  soft  fibrils  contaiued  in 
these  canals,  or  "  dentinal  fibres ; "  and  it  now  reniaina  to 
cjnsider  these  in  farther  detail. 

In  fortunate  sections  of  small  fragments  of  dentine  taken 
from  the  edges  of  the  pulp  cavity  and  ineluding  the  surface 
of  the  pulp,  tbe  dentinal  fibrils  may  be  seen  stretching  fnan 
the  cells  of  the  superficial  layer  of  the  pulp  (ottotitoblaata) 
into  the  dentinal  tubes,  as  owing  to  these  buiug  extensile 
they  mnv  be  stretched  or  drawn  out  fi-om  the  tulies  for  some 
little  iliatance -without  being  broken  across,  lu  the  same 
way  they  may  be  seen  stretching  across  like  hiirp-stringB 
between  two  pieces  of  dentine,  when  this  is  torn  by  ueedlea, 


{')  Sertion  of  dentine  from  the  eiige  of  wliicli  liang 
■heatiu,  and  beyond  tliese  again  the  fibrils  (after  ISuIl). 


t  tlie  i)entin«l 
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ftnd  they  can  be  tbua  shown  in  fresh  fragmentB  just  bs  well 
fts  in  tliose  of  decalcified  dentiiie.  WTien  stretched  to  a 
considerable  extent  their  diameter  becomes  diminished  and 
they  finally  bruak,  a  sort  of  bead  sometimeB  appearing  at  the 
broken  end  (Tomea),  This  would  seem  to  indicate  that  the 
substance  of  the  fibril  is  of  colloid  consistency,  and  that  its 
externa!  portiona  are  in  some  degree  firmer  than  its  asial 
portion. 

The  dentinal  fibrils  are  well  seen  in  the  accompanying 
figure,  in  which  some  hang  out  from  the  edge  of  the  dentine, 

Hia,  ai  ('). 


■^j:*^ 


whilst  others  have  been  pulled  out  from  the  dentine  and  are 
seen  attached  to  the  odontoblast  cells. 

The  dentinal  fibril  is  capable  of  being  stained  with  car- 
mine, though  with  some  difficulty  ;  in  young  dentine  it 
is  more  easily  stained,  especially  near  the  pulp  cavity,  and 
the  aecompanj'ing  drawing  is  taken  from  such  a  section  of 
dentine  from  a  halfformed  human  incisor.  The  matrix  is 
slightly  stained  with  the  carmine,  indicating  that  it  has  not 

(')  SncfaoB  of  tliB  pnl]i,  witli  tho  odontoblast  Ujcr  in  bUu.  Tlie  dentine 
fibrils  palled  onl  of  the  Jentina,!  tube  bang  like  a  fringe  from  the  Dcloata- 
btut  layer  :  dentine  fibrils  are  nlao  ncea  banging  out  from  tbe  edge  of  tho 
dentine,  to  which,  to  the  right  of  the  figure,  a.  few  odonloblimtB 
attached. 
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yet  become  fully  impreguated  with  s&\\&,  tmd  io 
of  tLe  clear  areas  dark  apotit  deeply  Htiiiiied  n 
are  to  be  £l«q,  the  latter  being  tnuiavcrsc  Bections  of  the 
dentinal  librils  in  titu.  I  Lave  observed  jtrecisclj  fltinilar 
appearances  in  the  thill  young  dentine  of  ealvea'  and  pigs' 
teeth  ;  Kolliker  also  mentionii  that  the  dentiual  fibril  mav 
bo  rect^ised  irt  «ifu  in  transverse  sections  of  fresh  dentine. 
Bodecker  finds  that  the  dentiual  tibrils  etoin  darkly  with 
chloride  of  gold  ;  when  viewed  in  transverse  sections  uuder 


a  magnifying  power  of  2,000  diameter!  they  do  not  ap{iear>l 
round   but   somewhat   angular,  and   give    off  tiny    lateral 
offshoots  which  Geem  to   penetrate  the  dentine.       In    the 
matrix  itself  there  is  an  appear.ance  of  a  faint  network  when 
it  has  beeu  stained  with  gold,  iuid  from  this  Bodecker  ii 
that  the  dentine  is  penetrated  eveiywliere  by  a  netip 
of  living  plasm,  derived  from,  thongli  fai'  finer  than,  % 
dentinitt  fibrils. 

Probably  tlie  angularity  of  the  fibril,  which,  as  figure^,! 
him,  is  much  smaller  than  the  cuuol,  is  duo  to  its  b&TJj 
shrunk  under  the  action  of  chromic  acid  or  some  Boj 
reagent. 

According  to  Neumann,  in  old  age  the  librils  atrophy^ 
become  calcified  ;  some  observers  have  failed  to  detect  them 

(')  TraDBFerSB  section  of  dentine  ;  in  fonr  of  the  dentinal  tubes,  the 
dentintd  fibrils  deepl}  stained  with  curmine,  in  thu  preparation  from  which 
thi»  fignra  was  drawn,  are  seen.  The  tibrila  are  some"Lat  shninkeS 
owing  to  the  action  of  the  glycsrine  in  nhii^h  the  Ecctian  is  mou 
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near  to  the  periphery  of  the  dentine,  far  away  from  the  pulp 
cavity.  But  here  they  would  naturally  bo  more  minute, 
and  it  is  more  probable  that  the  mauipuiatiouH  had  failed 
to  demonstrate  them  than  that  they  were  absent ;  for 
Bodocker  has  traced  them  to  the  very  outside  of  the 
dentine. 

Dr.  Ueale  has  seen  prolongations  of  the  nucleus  of  the  cell 
towards  the  base  of  the  fibril,  though  in  the  example  which 
ho  figures  it  does  not  enter  it. 

Dentinal  fibrils  have  been  demonstrated  in  the  ReptiUa 
and  Amphibia  by  Santi  Sirena  and  myaelf;  and  by  myself 
in  tile  few  flali  that  I  have  examined  with  that  purpose. 

Of  their  real  nature  some  doubts  are  entertained  ;  they 
are  certainly  procesaoa  of  the  cells  of  the  pulp,  and  their  aub- 
atance  seems  identical  with  that  of  the  protoplasm  of  the 
cell.  Nerves,  in  the  ordiuory  sense  of  the  word,  they  are 
not,  and  have  never  been  supposed  to  be ;  but  there  are 
many  examples  of  cellular  stnictures  which  are  connected 
with  the  termination  of  sensorj-  nerve  fibres,  such  as  the 
goblet  cells  in  the  olfactory  membrane  of  the  frog,  and  it  is 
quite  poHsible  that  the  odontoblast  cells  may  stand  in  some 
such  relations  to  the  nei'vea  of  the  pnlp,  the  terminations  of 
which  have  never  been  satisfactorily  traced, 

Mr.  Coleman  once  suggested  that  it  was  possible  that 
the  odontoblasts  might  have  some  tactile  function,  and  Mr. 
Hopewell  Smith  ("Dental  Record,"  Aug.,  1889,)  points  out 
their  resemblance  to  multipolar  ganglion  cells  of  the  spinal 
coi'd.  According  to  Magitot  the  nerves  of  the  pulp  become 
continuous  with  a  layer  of  reticulate  cells  which  lie  beneath 
the  odontoblasts;  and  these  freely  communicate  with  the 
processes  of  the  odontoblasts,  so  that  there  is  a  very  direct 
chain  of  communication  between  the  dentinal  fibril  and  the 
nerves  of  the  pulp.  M.  Magitot  speaks  vciy  positively  as 
to  the  accuracy  of  hia  views,  which  as  yet,  however,  have 
not  been  confirmed  by  other  investigators. 


rs 
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Yet  auother  view  of  the  natiirc  of  the  dentinal  fibril  is 
ailTocated  by  Klein  ("Atlaa  of  HiHtolo^,"  p.  1S3),  who 
holds  that  the  otlontoblaats  are  concernpd  onlj  m  tfaa 
formation  of  the  dentine  matrix,  and  that  the  deutiaal 
fibrils  are  long  proceBsea  of  the  deeper  cells,  in  the  abora 


figure,  which  nin  up  between  the  odoutoblastB  and  i 
the  dental  canals. 

lu  a  recent  paper  (Comptea  Reudiis,  1880,)  Magitot  ft 
impugns  the  accuracy  of  the  views  ordinarily  accepted  as  t 
the  structure    of  dentine,    denying   the   existence  i 
Hpecial  walls  to  the  tubeK,  and  further  arguing  that  it  | 
undesirable  to  think  or  speak  of  the  channels  in  dried  dentij 
lis  tubes  at  all.     For,  he  argues,  they  are  not  tubes  in  t 
fresh    state,  seeing   that   the    fibrils   arc    adherent   to   1 
matrix  and  form  a  part  of  it,  and  that  they  were  originaHy 
precisely  the  same  tissue.      He  would  prefer   to  speak  bf 

(')   After   Mugitiit.       a.   DentiniJ    fibrils.       b.   Amorphous    mntiix. 
".  OdontnblaaU.     rf.  Nnclai  of  odontoblasts,     c.  Stellal*  eells.    f.  Stt  "  * 
vitli  the  braneli&l  cells. 


dantine  as  bciug  b.  fibrillar  tissue  included  in  a  hard  and 
homogeueous  matrix. 

These  views,  however,  do  not  differ  substantially  from 
those  ill  the  text,  save  that  M.  JIagitot  does  not  recognise 
the  exiatenofl  of  that  transitional  tissiio  which  others  believe 
to  be  there,  and  call  the  sheaths  of  Neumann, 

No  true  nerve  fibril  has  ever  been  seen  to  enter  the  den- 
tine ;  nothing  but  the  dentinal  fibril  has  ever  been  proved 
to  pass  from  the  pulp  into  the  hard  substance  of  the 
tooth  ;  nevertheless,  the  observation  of  Boll  is  very  sug- 
gestive. He  found  that  by  treating  a  perfectly  fresh  pulp 
with  ^  per  cent,  solution  of  chronic  acid  an  immense 
number  of  fine  fibres  could  be  demonstrated,  a  great  many 
of  which  projected  from  above  the  surface,  as  though  they 
had  been  pulled  out  of  the  dentinal  tubes  ;  but  although 
they  pass  up  from  a  plexus  of  dark-bordered  nerve  fibres 
beneath  the  membrana  eboris  between  the  cells  of  that 
layer,  their  passage  into  the  dentine  remains  a  mere  matter 
of  inference, 

BoU'a  observations  likewise  are  awaiting  confirmation  or 
disproof,  and  so  far  stand  alone. 

Be  that  as  it  may,  there  can  be  no  question  that  the 
aensitiveness  of  the  dentine  is  due  to  the  presence  of  soft 
organized  tissue  in  the  tubes,  and  is  not  a  mei'e  transmission 
of  vibrations  to  the  pulp  through  a  fluid  or  other  inert 
conductor.  The  peripheral  sensitiveness  of  a  tooth  can  he 
allayed  by  local  applications  which  it  would  be  absurd  to 
suppose  were  themselves  conducted  to  the  pulp  ;  moreover, 
it  is  within  the  experience  of  every  operator  that  after  the 
removal  of  a  very  sensitive  layer  of  caries,  you  often 
come  down  npou  dentine,  which,  though  nearer  to  the 
pulp,  is  far  less  sensitive,  a  condition  quite  inexplicable, 
except  upon  the  supposition  of  a  different  local  condition 
of  the  contents  of  the  tubes.  Irritation  applied  to  the 
dentinal  fibrils  may  be  propagated  to  the  pulp,  and  irri 


r 
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I.  M  (I). 


tation  of  tKe  fiulp  set  up  wjtliout  any  ruiil  cxjiosure  i 

With  reference  to  tbe  [irubaliilities  of  attiiiil  noi"VO  fii 
entering  the  dentinal  tubea,  it  must  be  remembered  tl 
those  tissues  which    ure  naturaliy 
_  grent  facilities  for  examiniition,  nervea  of  a  degree  of 

ft  aess  luiknowu  elsewhere  hnve  been  deninnatmtod  ;  in 

■  words,  the  easier  the  tissue  is  to  inveatignte,  the  finer 

■  nerves  which  have  heeti  seen  in  it,  while  dentine  is 

W       thf 

I  exi: 


the  moat  difficult  substiiiiees  conceivable  for  the  d 
of  fine  nerve  fibrils,  if  such  exist  in  it 

Interglobular  Spaces. — In  the  layer  of  dentine  v 
underlies  the  cement  an  imnienso  numl>er  of  these  spaces 
exist,  giving  to  the  tisane  as  seeu  under  a  low  power  on 
appearance  of  granularity.  On  this  account  my  father  gave 
to  this  tbe  name  of  the  "  granular  layer  "  of  dentine ;  on 
account  of  the  far  greater  abundance  of  the  spacoa  in  that 
situation,  it  is  far  njore  marked  beneath  the  cement  than 
beneath  the  enamel,  and  many  of  the  dentinal  tubes  end  in 
these  spaces. 

Although  the  name  "  interglobular  spaces  "  is  strictly  ap- 
plicable to  the  structures  constituting  the  granular  layer 
of  dentine,  it  was  not  to  these  that  it  nas  first  applied. 
When  a  dried  section  of  dentine  is  examined,  dark  iiTogular 


(')  D^iit. 


minilln; 


n  the  Braced  of  the  i 
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spaces,  clustered  together  and  usually  most  abundant  at  a 
little  distance  below  the  surface,  are  often  to  be  seen,  parti- 
cularly if  the  section  boa  been  made  from  a  brownish,  im- 
perfectly developed  tooth. 

These  spaces  have  a  rag^d  outline,  fiimished  with  short 
pointed  procesaea,  and  in  favourably-prepared  sections  it 
may  be  seen  that  their  outlines  arc  formed  by  portions  of 
the  surfaces  of  closely  opposed  spheres,  and  globular  con- 
tours may  often  be  detected  in  the  solid  dentine  near  to 

Fia.  35  (1). 


them,  as  ia  seen  in  the  accompanying  figure,  taken  from  ii 
section  boiled  in  wax  in  order  to  render  it  very  transparent. 
Although  these  large  spaces  are  very  common,  they  are 
perhaps  not  to  be  regarded  as  perfectly  normal,  but  are 
rather  indications  of  an  arrested  development  at  that  spot. 
The  occurrence  of  globular  forms  during  the  early  stages 
of  calcification,  will  again  be  alluded  to  in  connection  with 
the  development  of  teeth ;  Ijut  although  the  term  "  intcr- 

(')  Interglobuliu'  spaces  in  Jentine. 
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Fio.  37  (')• 


■ 

I  Ordinary  hard  dentine  has  been  aiifficiently  described  7 

■  plici-dentine  is  a  variety  of  it  not  very  distinct  in  its  essential 
I  nature,  though  at  fint  sight  widely  dissimilar, 

I  Flici-dMitina.— In  ordinary  dentine  tiie  dentinal  tube* 

■  radiate  out  from  n  pulp  and  pulp  chamber  of  simple  form ; 
I  render  complex  that  form  by  fi)ldiii|j:8  of  ita  walls,  the  den- 


of  pulp  to  which  they  immediately  belong,  and  we  have 
a  "  plici-dentine."  It  is  merely  an  ordinary  dentine  with  ita 
pulp  folded  up  and  wrinkled  into  a  greater  or  less  degree 
of  complexity. 

In  the  teeth  of  the  Varanus  (monitor  lizard)  the  proceaa  of 
calcification  of  the  pulp  takes  place  in  such  manner  that  in 
the  upper  half  of  the  tooth  a  cap  of  ordinary  imvaacular 
dentine,  in  which  the  tubes  radiate  from  a  single  central 

(')  Section  ot  Plici-dBntine  with  tia  pulp  in.  situ  {LapidoBteua), 
0.  Odoaloblasts.    ji.  CoDnective  tisane  framework  of  pulp.     d.  DentJae. 
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pulp  cavity,  is  formed.  But  in  the  lower  ptirt  of  the  tooth 
slight  longitudinal  furrows  appear  on  the  surface,  ■whiob,  on 
tranaverse  section,  are  seen  to  correapond  to  dippings  in  of 
the  dentine  ;  and  the  dentine  is,  as  it  were,  in  folds.  The 
pulp  ou  section  might  be  compared  to  a  paddle-wheel,  the 
floats  of  which  correspond  to  the  thin  flat  radiating  pro- 


Fra.  38  ('). 


ceases  of  pulp ;  but  as  yet  the  central  pulp  chamber  is 
unaltered.  A  little  lower  down,  aa  represented  in  the 
accompanying  figui-e,  there  ia  no  longer  a  central  simple 
pulp  chamber  ;  the  inflections  round  the  periphery  have 
become  relatively  much  deeper,  and  the  centre  of  the  tooth 
ia  occupied  by  a  tissue  irregular,  but  not  otherwise  unlike 
the  dentine  of  Myliobates ;  that  is  to  say,  there  are  a 
number  of  columna  of  pulp,  each  of  which  forms  the  asis 
whence  a  aystem  of  dental  tubes  i-adiate. 

The  outrunning  plates  of  dental  pulp,  which  on  section 
radiate  out  like  the  apokca  of  a  wheel,  do  not  always  remain 
single  ;  they  may  divide  simply  into  two  branches,  as  may 
be   seen  in   the    section  across    the   base  of  the  tooth   of 


(')  TransTerBB  Mction  scrou  the  ctowd  of  the  tooth  of  Yaraniu,  neu  to 
itB  base.  The  central  pulp  cavity  is  produced  out  into  proceEaea,  nod  it 
migbt  be  laid  the  dentine  ii  arranged  in  plates  with  eoiue  tittle  regularity 
round  its  periphery. 
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Lepidoeteus  (North   American  bony  piko) ;   or   i 
there  are  aeveral  branches. 


In  Lepidosteua  osyunia  there  are  aimpio  inflections,  and 
a  central  pulp  cavity ;  in  L.  spatulu  the  inflections  are 
branched,  and  the  central  pulp  cavity  all  filled  up. 

In  the  foregoing  figure  of  the  base  of  a  tooth  of  Lepi- 
doateus   aonie  few  of  the    outrunning   pulp  chambers   are 

(')  Tnmavereo  section  acroaa  the  tootli  of  LejiidoileiiB  epatula.  At  tfas 
exterior  Bro  regularly  disposed  radiating  plates  of  deutine,  cacli  vfith  its 
own  pulp  cavity,  while  the  central  area  is  composed  of  mora  or  less  cyliu- 
drioal  pulp  chambers,  each  of  which  forms  the  starting  point  for  its  own 
system  of  dentinal  tubes.  The  pulp  chambers  arc  mode  dark  in  the  Ggore 
lor  the  Bake  of  greater  distinctness. 
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seen  to  be  bifiirciited,  while  the  ceatral  mass  of  the  tooth 
is  composed  of  dentine  permeated  by  pulp  canals  which 
pursue  a  longitudinal  courao ;  a  slight  further  modification 
brings  ua  to  the  structure  of  the  dentine  of  the  Labyrin- 
thodon,  in  which  a  maximum  of  complexity  is  attained, 
although  a.  clue  to  its  intimate  atructuro  is  afforded  by  the 
teeth  of  VaranuB  or  of  Lepidosteua. 


I.  «  (■). 


The  laminte  of  pulp,  with  their  several  systems  of  den- 
tinal tubes,  instead  of  passing  out  in  straight  lines  like  the 
spokes  of  a  wheel,  pursue  a  tortuous  course  as  they  run 
from  the  central  small  pulp  chamber  towards  the  surface. 
Not  only  do  they  undulate,  but  they  also  give  off  lateral 

C)  TransverBe  saction  of  a  tooth  of  Labyrintliodoii.     (After  Owen. ) 
The  latter  a  is  plared  in  the  centre  pulp  charaher ;  the  letter  6  jqarkB 
iba  lines  oE  neparatioti  lictween  the  syateni  of  lieplinal  tubes  vhicL  l>eIong 
to  aush  tamiiut  of  pulp ;  these  lines  of  ilemarcatian  were  formerly  siip- 
pOMd  to  ba  occupied  hy  ceDientum. 
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processes ;  and  at  their  terminationB  near  to  the  surfnce  of 
the  tooth,  the  thin  laminse  of  pulp  (ao  thin  that  the  radi- 
ating pulp  chambers  are  mere  fissures)  become  dilated ;  80 
that  on  section  circular  canals  are  seen  at  these  points,  as 
is  also  the  case  at  the  points  where  aubeidiory  processes 
broach  off 

Fio.  41  ('). 


The  wavy  course  pursued  by  the  radiating  plates  of  den 
tine,  and  the  disposition  of  the  tubes  round  the  dilated 
portions  of  pulp  chtimber  render  the  general  aspect  of  the 
dentine  structure  yery  complitated ,  the  several    syatems  "  (*) 

(')  From  tooth  of  Lahpinthodoii,  sliDiviag  the  nature  of  tbc  connection 
between  the  contignoua  iJentinid  aj'stems.  (After  a  drawing  of  roj  father's.) 

(')  The  term  "dentinal  ejEtem  "  ie  applied  to  tlie  portion  of  dentiiiB  in 
which  all  the  tubaa  radiate  from  a  angle  section  of  pulp  chamber  ;  thna! 
the  tooth  of  Labyrinthodon  is  made  np  of  manj  dentinal  sjstema;  tli9 
«ime  thing  maj  be  said  of  the  tooth  o: 


L 
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anl. united  to  oae  another  by  an  iuosculatiou  of  the  terminal 
branahea  of  the  tubes  ia  some  few  ptaces,  but  more  generally 
by  a  clear  layer  containing  radiate  spaces,  something  like  the 
lacuuie  of  cemestum.  Hence  ProfesBor  Owen  has  described 
the  tooth  aa  consisting  of  radiating  plates  of  dentine,  be- 
tween which  pass  in  equally  convoluted  plates  of  cementum. 
But,  as  was  pointed  out  by  my  father  (Phil.  Trans.  1850),  the 
mere  pres  n  flu  na-1  k  p  a  ia  not  Bufficient  to  prove 
the  presen  e  f  m  nt  m  nasrauch  as  tliey  occur  on  a 
small  seal     nth    gra  ul     1  fdeutine;  moreover,  when 

cementum  and  n  m  1  ar  b  th  present,  the  cementum  is 
always  oi  t  d  the  nan  1  h  aa  at  the  upper  part  of  the 
tooth  of  th  L  bj  th  d  n  th  1  racteriatic  inflectiona  take 
place  within  o  common  investment  of  enamel  which  does 
not  dip  in.  Thus  the  whole  of  the  tissue  couatituting  the 
very  coniples  pattern  of  the  Labyrinthodon  tooth  ia  dentine, 
and  the  cementum  doea  not,  aa  waa  usually  supposed,  enter 
into  its  composition  at  all. 

Another  foi-m  in  which  plici-dentine  may  eiist  is  exempli- 
fied in  the  teeth  of  Myliobates,  a  large  Kay ;  or  in  the  teeth 
of  the  rostrum  of  the  saw-tiab  (Priatia). 

In  the  Myliobates  (Fig.  42)  the  flat  pavement-like  tooth 
is  permeated  by  a  series  of  equidistant  parallel  straight 
canals,  running  up  at  right  angles  to  the  surface ;  from  the 
upper  end  and,  sides  of  these  channels  systems  of  dentinal 
tubes  radiate,  just  as  the  tubes  radiate  from  the  single  pulp 
chamber  of  a  human  tooth,  save  that  they  run  for  a  com- 
paratively short  distance.  In  transverse  sections  the  tubes 
are  seen  radiating  from  these  channels,  and  at  their  termi- 
nations aometimes  inoaculating  with  the  terminal  branches 
of  the  tubes  of  another  system.  The  ohannela  contain  pro- 
longations of  the  vascular  pulp,  which  are  distinct  in  the 
upper  part  of  the  tooth,  but  intimately  united  together  at 
its  base,  where  the  disposition  of  the  channels  ceases  to  be 
igular,  and,  aa  a  consequence,  the  systems  of  dentinal  tubes 


pass  from  them  in  variouB  directiuDs  without  produciug  tlie 
Bymmetrical  patterns  which   cliarocteriee  the  upper  part  cf 


When  the  tooth  comes  into  use  and  its  immediate  su 
Fio.  42  ('). 


gets  worn  off,  the  ends  of  the  perpendicular  pulp  channels 
would  be  laid  open,  were  it  not  that  they  beeome  blocked  by 
the  deposition  of  a  transparent  homogeneous  tissue  within. 
them,  analogous  to  the  similar  tissue  which  closes  Hayersian 
canals  of  aa  antler  about  to  to  shed. 

Such  is  au  esampie  of  plici-dentine  in  a  simple  form,  in 
■which  the  tooth  might  be  said  to  be  built  up  of  a  series  of 
small  parallel  denticles;  and  a  similar  strueture  is  presented 
by  the  rostral  teeth  of  the  saw-fiah,  and  by  the  teeth  of  tba 
Orjcteropua  or  Cape  ant-eater. 

Vaso-deatine. — In  the  dentine  of  human  teeth  it  ooca- 
jionally  happens  that  a  larger  canal  is  found,  having  no 
clear  relation  to  the  course  of  the  dentinal  tubes,  wliich  it 
crosses  at  various  angles ;    this  larger  canal  contained  the 


(')  Tra, 


of  the  dentine  of  Mjliobates. 
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blood-veisel,  the  remains  of  which  may  be  found  even  in 

a  dried  section.  But  in  human  dentine  vascular  canala  do 
not  often  occur,  and  when  they  do,  are  to  be  regarded  as. 
decided  abnormalities. 

The  accompanying  figure,  representing  a  canal  of  large 

P-«.  43  ('). 


size,  was  drawn  from  a  specimen  shown  to  me  at  the  Cam- 
bridge (Maasiachusetta)  Museum  by  Dr  Andrews 

In  some  mammalian  teeth  these  '>  oscular  canals  are 
disposed  with  regidaritj,  running  out  m  loops  from  the  pulp 
cavity,  and  lying,  for  a  conaidLmble  part  of  their  course,  at 
right  angles  to  the  dentinal  tubes 

In  the  Man-tco  for  example  the  dentmal  tubes  radiate 
out  with  \  erfect  regularity  from  the  central  pidp  chamber, 
and,  so  to  speak,  take  no  notice    of  the  vascular    canals, 

(I)  VaBCuIai  canal  in  deutine.     From  a  human  tooth.    , 
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which  are  to  be  met  with  (especially  in  the  root)  la  tugs 
Qumbere. 

Where  they  are  nuuieroua  the  vHacular  caDols  fbnn  loopi^ 
80  aa  to  coostifute  a  sort  of  ptcxus  beneuth  the  cementam. 

The  Tapir,  whose  teeth  in  exicrnul  coutigiiratioa  are  not 
very  dissimilar  to  those  of  the  M»imtet;,  also  has  TMCular 
canals  in  the  dentine  ;    a  curious  diflLTence  iu  this 


Kio.  *i  Ci. 


was  pointed  out  by  my  father  (Proc.  Zoolog.  Soc  1851) 
between  the  Indian  and  the  American  Tapir,  the  former 
having  the  canals  iu  the  dentine  of  the  crown  of  the  teeth, 
the  latter  having  them  not.  The  great  extinct  Megatherium 
possessed  dentine  very  rich  in  these  canals  ;  to  the  left  of 
the  figure  is  seen  the  iuner  portion  of  the  dentine,  rich  in 
them;  in  the  middle  a  fine  tubed  dentine,  forming  the 
external  layer  of  the  dentine  of  the  whole  tooth,  and  to  the 
right  cementum,  also  rich  in  vascular  tubes. 

In  those  teeth  in  which  the  whole  pulp  is  converted  into 
solid  material,  and  no  pulp  cavity  remains,  the  last  portions 
of  the  pulp  are  often  converted  into  dentine  which  has  not 
the  same  character  as  that  of  the  rest  of  the  tooth.     Thus 


D  o£  Megatberinni ;  tie  latter  to  tho  right  of 
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in  teeth  of  perpetual  growtli,  such  as  the  incisors  of  ri^deiita, 
the  axial  portion  of  the  tooth  is  that  latest  calcified,  and 
consists  of  a  dentiuo  containing  vascular  canals,  which  arc 
not  present  in  the  other  part  of  the  tooth.  When  ^  change 
thus  occurs  in  the  character  of  the  tissue  formed  at  a  later 
time  than  the  rest  of  the  dentine,  the  name  "  secondary 
dentine  "  is  applied  to  the  resultant  tissue. 

But  secondary  dentine  may  partake  of  several  different 
varieties  of  structure,  ao  that  the  term  must  not  be  taken  as 


Fu.  is  (>). 


denoting  anything  more  than  the  circumstances  under  wliich 
it  was  formed. 

It  is  in  the  class  of  Fish,  in  which  vaso-dentine  is  rather 
coromon,  that  the  moat  instructive  examples  of  its  nature 
are  to  he  found. 

The  conical  teeth  of  the  common  Flounder,  and  indeed  of 
mtffit  flat  flsh  (Pleuronectidffi)  have  their  pointed  tips  formed 


(')  Tooth  of  a  FlonnJcr. 
VoBCuliir  canals  ;  c.  Spear  poii 


iiliDBl  tubes 
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of  ordinary  hard  dentine,  Biirmounted  by  enamel  tips, 
this  part  cif  the  tooth  the  deiitiual  tnhes  nrc  nunioroua,  and 
regiilar  iu  their  disposition,  radiating  out  from  the  uxial  pi 
chamber. 

Lyower  down  in  the  teetli  the  dentinal  tubes 
numerims,  and  at  the  same  time  much  larger  looped 
make  their  appearance,  and  as  these  become  more  numi 


1 


and  regular  so  do  the  dentinal  tubes  boconie  less  so.  Thn 
larger  tubes  contain  blood-vessels,  and  red  blood  circulates 
through  them  during  the  life  of  the  tooth. 

We  may  suppose  that  the  nutrition  of  the  dentine  may  be 
provided  for  either  by  protoplasm  carried  for  a  long  distance 
from  the  pulp  by  the  dentinal  tubes,  or  by  blood  circulating 
through  the  larger  vascular  channels,  but  that  both  are  not 
required,  and  so  do  not  exist  together. 

And  whilst  the  teeth  of  the  Mjinatcc,  the  Tapir,  and  of 

C)  Tooth  of  Ostracion.  a.  Enamel  ;  6,  Capillary  cliannela  ;  fi,  Aiial 
pulp  chamber. 
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the  Flounder  teach  that  hard  dentine  and  vaso-dentine  are 
not  very  diasimilar  in  their  nature,  and  that  the  one  pat 
by  imperceptible  gradations  into  the  other,  the  dentine  at  the 
base  of  the  Flounder's  tooth  provides  ua  with  an  osamplo  of 
typical  vaso-dentine ;  that  is  to  su.y,  dentine  in  which  the 
dentinal  tubes  are  quite  absent,  having  had  their  place 
taken  by  a  complete  ayatem  of  vascular  chaunehi. 

The  teeth  of  the  Oatracion  (Fig.  46),  or  of  the  Hake  (F 
47  and  89),  afford  good  examples  of  this  form  of  tissue. 

Fia.  il  {'). 


The  matrix  is  solid,  so  far  as  penetration  by  fine  tubes 
goes,  but  it  contains  a  system  of  larger  canals  which  carry 
only  blood,  and  no  pulp  tissue,  out  to  near  the  surface  of 
the  dentine,  where  they  form  a  plexus. 

I  have  not  been  able  to  satisfy  myself  of  the  existence  of 
any  definite  structure  in  the  matris  ;  sometimes  it  looks 
granular,  and  sometimes  haa  a  finely  reticulated  look,  re- 
calling the  appearances  described  by  Bodeeker  in  human 
dentine.     (See  page  74.) 

(1)  Section  of  Dentine  boja  s.  fresblf  cnuglit  Hake  (Mcrluciiu).  d, 
Denljno  matrix  ;  cp,  Cspiltar;  blaod-veasela  bRUgiDg  oat  from  ita  edge, 
contaimiig  here  ajxi.  tbere  abundant  blood'COipnsdea. 


A  UAVUAL   OF  DENTAL   ASATOUT. 


,  The  vnngetnent  or  tho  vascular  canals  ib  reguUtr 
[  atriking,  rcroituliug  one  of  the  appenmnce  of  the  oaj 
network  in  *n  iujected  inteatiual  villus.  In  fact,  an 
tina]  rillus  petrified,  whilst  the  capillary  network  reiuained 
perrious  and  carriod  red  blociil  circulating  through  it,  would 
'ana  no  bad  representation  of  a  conical  voscMlentine  tootK 

For  tbe«e  canals  do  actually  contikiu  citpillorieB,  and  blood 

J  «etiTelj  circulates  through  them;    a  section  cut  from_  the 

fresb,  briltiantly  red  tooth  of  a  Hake  often  ehowa  the  coats 

of  the  capillary  hanging  out  from  tho  edge,  and  the  canala 

fiiD  of  blood  corpuscles  (Fig.  47). 

In  all  TojKO-dentine  teeth  with  which  I  am  acquainted  the 
pulp  chamber  is  of  simple  form,  the  pulp  coated  by  a  distinct 
layer  of  odontoblttsts,  and  no  pulp  tissue  other  than  th« 
eapillnries  passing  out  into  the  dentine,  so  that  each  capil- 
lary fits  and  wholly  fills  its  channel  in  the  dentine. 

Yaso-dentine  is  less  dense  and  hard  than  ordinary  dentine, 
and  consequently  generally  gets  protection  by  a  harder  tissue 
when  exposed  to  hard  work. 

The  teeth  of  the  Hake,  tised  simply  for  piercing  and 
catching  fish,  are  merely  tipped  with  enamel  (Fig.  89) ; 
those  of  Ostracion,  put  to  severer  work,  are  coated  with 
enamel,  while  the  teetii  of  the  Wrasse  (Labrus),  which  are 
composed  of  ordinary  dentine  are,  though  very  hai-d  worked, 
unprotected  by  enamel. 

Ostao-dantine. — This  is  a  tissue  far  more  sharply  marked 
off  from  liard  dentine,  plici-dentine  and  vaao-dentine,  than 
these  are  from  one  another,  and  approaches  closely  to  bone, 
from  which  it  has  few  points  of  essential  difference. 

The  distinction  can  hardly  be  fully  emphasized  until  the 
development  of  dentine  has  been  described,  but  it  may  be 
mentioned  that  it  ia  not  developed  entirely  upon  the  suiface 
of  the  pulp,  from  an  odontoblast  layer,  but  within  its  whole 
substance.  Consequently  in  a  completed  oateo-dentiue  tooth 
there  ia  no  single  simple  pulp,  which  can  be  withdrawn  ftom 


And  though  there  aro  immercms  large  channels,  often 
much  larger  than  those  of  vaso-dentine,  they  are  leas  regular, 
do  not  in  their  iirraDgement  suggest  the  idea  of  capillary 
loops,  and  in  a  freab  tooth  contain  maBses  of  pulp- structure 
OS  well  as  blood-vessels. 

The  Pike's  tooth  affords  a  good  esample  of  osteo -dentine. 
Its  surface  is  formed  of  a  layer  of  fine  tubed  tissue,  almost 


(')  ToDth  of  Con 


a  Pike. 


,  Outer  layer  of  fine  tubed  denttue  ; 
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like  oTdiiioiy  dentine,  but  this  soon  gives  place  to  a  oous«ly 
olianneltid  tiaaue,  coatoiiiing  elongated  spaces  (illad  with 
pulp,  from  which  CHnaliculi,  like  thoao  of  a,  bunu  lacuna, 
brauch  off  ia  all  diroctioos,  but  do  not  run  fur. 

Very  many  stiarkB  have  teeth  composod  of  oat  do- dentin^,! 


with  an  outer  dense  layer  :  the  tooth  of  Lamna  here  figured 
shows  a  central  core  of  osteo-dentine,  which  constitutes  the 
bulk  of  the  tooth  ;  extenial  to  this  a  somewhat  thin  layer  of 
hard  dentine,  in  which  all  the  dentinal  tubea  run  out  at 
right  angles  to  the  surface,  but  are  derived  from  the  channels 
of  the  osteo-dentine  and  not  from  any  single  pulp  chamber  ; 
while  the  outermost  layer,  wliieh  is  clear  and  atructureless, 

(')  Tooth  of  a  species  of  Lamna,  conaiating  of  a  centra!  miiBB  of  -nao- 
deiilino,  puasing  towanis  its  anrfftce  into  a.  fiae-tubed  uDvaaoular  dentine. 
The  clear  stnicturelesa  lajor  on  the  aurface.mny  probably  be  regarded  u 
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'  may  bo  merely  the  outer  part  of  the  hard  ilentiue,  or  may 
bo  a  thia  layer  of  etianiol.  It  is  to  he  regretted  that  special 
names  hiive  been  givon  to  this  layer ;  it  is  sometimes  called 
Titro^entine,  Bometimcs  gauoia  or  fisb-enamol ;  but  there  is 
no  reason  why  it  should  have  a  special  name  at  all.  The 
similarity  of  the  channels  of  pulp  in  osteo-dentine  to  Haver- 
sian canals  in  bone  is  very  close ;  in  fact,  when  teeth 
consiBting  of  oBteo-dentine  become,  as  iu  many  iiah  they 
do,  ancliyloscd  ta  the  aubjacont  bone,  it  becomes  impos- 
sible to  say  at  wbat  point  the  dentine  ends  and  tbe  hone 
commences  ;  and  this  difficulty  is  intensified  by  the  fact  tliat 
the  boDe  of  many  {iabes  lacks  lacuuEB,  and  is  almost  exactly 
like  dentine. 

Osteo-dentine  was  detined  by  Professor  Owen  as  dentine 
in  which  the  matrix  was  arranged  in  concentric  rings  around 
the  vaacidar  canals,  and  in  which  lacunxe  similar  to  those  of 
bone  were  found. 

But  noitbsr  of  those  characters  are  \a  be  found  in  many 
teeth,  which,  if  the  manner  of  their  development  is  to  be 
taken  into  account,  are  unquestionably  made  of  osteo-den- 
tine J  and  so  they  cannot  be  made  use  of  for  purposes  of 
definition,  although  lacunm  and  lamination  of  the  matrix 
are  for  more  often  present  in  osteo-dentine  than  in  the  other 
rarietjea  of  dentinal  structure. 

The  varieties  of  dentine  may  be  grouped  thus  ; — 

(A.)  Dentines  developed  upon  the  surface  of  a  pulp,  by 
calcification  of  a  specialised  layer  of  odontobhiat 

1  (i.)  Hai-d,  unvaacular  dentine,  thoroughly  per- 

L  meiited  with  dentinal  tubes,  whichradiate 

^^^^^^  from  a  simple  central  pulp   chamber. 

^^^^H  Example — Human  dentine, 

^^^^^fe  (ii.)  Plici -dentine,    permeated    with   dentinal 

^^^^^H  tubes,  wiLcb  radiate  from  a  pulp  chamber 
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^^  nadeved  oomplei  in  form  bj  InMin^^^l 

H  of  iu  wdU.      Eiamplo — Lcpklo^^^H 

H  t«bTriatho(loiL.  ^^1 

H  (ii.)  VMO-dentioc,    dentinal    tubes    few    or 

H  atMMit,   but    c>t|>illttn-    clioiioeU     widi 

^  blood  circulating  through  them  abim- 

diuit.     Example — Make. 
{B.)  l>cntmes    developed     hy    ealcificntion     sfaoothig 
tiutiugfa  the  interior  of  a  pulp,  not  br  cidcifi- 
■  cation  of  a  specialised  aurface  layer  of  cells. 

^^  (JT.)  Ooteo-dentine ;    nith    no   long   denUnal 

^K  tubes,  but  miuiitf  tubes  amilogotiB  to 

B  bone    conoliculi,    nnd    largo    irregulu 

^^  chonDels    contain ing    pulp-tissue    (not 

^  blood-vessola  only).    Example — Pike. 

It  remains  to  be  added  that  the  same  pulp  may  undergo 
ft  change  in  the  manner  of  its  calcilication  ;  that  is  to  say, 
that  alter  having  gone  on  with  surface  calcification  &om 
an  odontobla^  layer  for  a.  certain  length  of  time,  this  may 
give  place  to  a  more  irregular  internal  calcification  into  on 
osteo-dentine. 

This  is  especially  prone  to  happen  after  injury,  and  is 
often  exemplified  upon  a  large  scale  in  Elephants'  tusks ; 
the  pulp  of  which,  normally  engaged  in  calcifying  the 
odontoblast  layers  into  ivory,  may  after  an  injury  calcify 
irregularly,  and  solidify  into  a  coarse  oat  eo-den  tine. 

It  will  then  Iw  easy  to  nnderatnnd  that  so-called  secon- 
dary doiitinc,  produced  in  a  pulp  which  ordinarily  forms 
hiu^l  dentine,  may  partake  of  the  character  of  vaso-  or  of 
osteo -dentine. 

Tlius  the  pulp  of  a  sperm  wliale's  tooth  becomes  oblite- 
rated by  a  development  of  secondary  dentine,  which  some- 
times forms  irregular  masses  louse  in  the  pulp  clmmber,  and 
somctimeB  is  adherent  to  and  continuous  with  the  dentine 
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previously  formed.  The  stnioture  of  these  maaaeB  is  very 
confused.  Tubes,  of  iibout  the  same  diiimeter  as  dentiual 
tubes,  abouud  ;  Imt  tliey  are  often  arranged  in  tufts  or  in 
bundles,  and  without  any  apparent  refcreuue  to  any  corn 


50  ('}. 


mon  points  of  radiation.  Irregular  apaces,  partaking  of  the 
character  of  interglobular  spaces  or  of  bone  lacuna;,  abound; 
and  vascular  canals  are  also  common. 

Id  the  human  tooth  secondary  dentine  occurs  in  the  teeth 
of  aged  persons,  in  whicli  the  pulp  cavity  is  much  contracted 
in  size,  and  is  also  very  frequently  formed  as  a  protection  to 
the  pulp  when  threatened  by  the  approach  of  dental  caries, 
or  by  the  thinning  of  the  walls  of  the  pulp  cavity  through 
«ice83ive  wear.  The  following  figure,  representing  one 
of  the  coruna  of  the  pulp  chamber  from  a  molar  tooth 
affected  by  caries,  is  a  good  esample  of  secondary  dentine 

(')  Section  oF  a,  m&as  ai  ^cronda  y  ilontiiie  From  the  tootb  at  a  eperm 
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It  occasionAlly  happens  that  the  pulp  resumea  ita  formative 
(lotivity^  and  now  deutiDL  is  developed  which,  with  the 
G»:eption  of  a  slif.ht  hre  ik  or  bend  m  the  contmuity  of  the 
tubes,  is  almobt  c\acth  like  ncnutl  dentine      Mure  often, 


however,  the  bonndiiry  line  between  the  old  and  the  new  is 
marked  by  au  abundance  cf  in-egnlar  spaces  and  globular 
contours,  whilst  further  in  the  maasof  new  socondnry  dentine, 
the  tubular  struoture  again  asserts  itself  more  stroi 
ihis  is  well  seen  in  the  specimen  figured. 


it^rj 


The  pulp  occupying  the  central  chamber  or  pulp  cavity, 
ras  the  formative  oigan  of  the  tooth,  and  consequently  varies 
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in  its  anatomical  characters  according  to  its  iigo.  As  well  as 
teing  wLat  retnaius  of  a  formative  oi^an,  it  is  tlie  Hourco  (n 
vascnlat  and  nervous  supply  to  the  dentine. 

The  pulp  may  be  described  as  being  made  up  of  a  mucoid 
gelatinous  matrix,  containing  oella  in  abundance,  whicli  arc 
especially  niimeroua  near  to  its  periphery.  In  it  some 
fibrous  connective  tissue  is  discoverable,  though  this  is  not 
abundant  until  the  period  of  degeneration  has  set  in.  Nerves 
nnd  veasels  also  ramify  abundantly  in  it. 

The  matrix  substance  remaining  in  lai^e  proportion, 
■whilst  the  cell  elements  fire  not  greatly  developed,  and  the 
fibrous  element  being  still  leas  conspicuous,  pives  to  the 
pulp  the  character  common  to  many  embryonal  tissues. 

In  some  specimens  prepared  by  Mr.  Muinmory,  in  whicli 
the  pulp  in  situ  ia  impregnated  with  hardened  balaara,  and 
the  whole  cut  and  rubbed  down  subsequently,  there  is  au 
appearance  as  though  the  matins  substance  against  the 
dentine  had  a  sort  of  fenestrated  structure,  and  aa  if  bands 
of  it  ran  into  the  dentine  (cf.  Sharpey'a  fibres  in  ce- 
mentum). 

I  had  myself  obaBrred  some  indication  of  a  similar 
appoarance  in  pnlps  which  had  been  differently  treated,  yet 
it  18  by  no  means  certain  how  far  it  is  due  to  method  of 
preparation,  nor  whether  this  may  not  be  half  forpicd 
dentine  which  takes  on  this  appearance. 

The  cellular  elements  of  the  pulp  are  arranged,  aa  seen 
iu  transverse  sections,  in  a  direction  radiating  outwards  from 
the  centre ;  thia  is  moat  marked  in  the  highly  specialised 
layer  of  cells  which'  form  the  surface  of  the  pulp,  and  arc 
termed  odontoblasti. 

The  odontoblast  layer,  sometimes  called  the  memhrana 
eborii,  because  it  usually  adheres  more  strongly  to  tho 
dentine  than  to  the  rest  of  the  pu!p,  and  is  therefore  often 
left  behind  upon  the  dentine  when  the  pulp  is  torn  away, 
consists  of  a  single  row  of  large  elongated  cells,  of  darkish 
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gronuliu-  appeoniDce,  with  a  large  and  conspicuoiu  nuoteiw 
near  to  the  end  farthest  from  the  dentine. 

The  sharp  contoure  which  the  odontoblaBts  pos§e88  iQ 
pulps  which  have  been  acted  on  by  chromic  acid,  alcohol, 
or  even  water,  are  absent  in  the  perfectly  fresh  and  unaltered 
condition,  and  it  is  believed  that  tliey  have  no  speeial  in- 
vesting membrane.  They  are  furnished  with  three  seta  of 
pi-ocesses.  The  dentinnl  pi'wegt  (which  is  equivalent  to  the 
dentinal  fibre)  enters  tho  canal  in  the  dentine,  and  the  ic- 
dividual  odontoblast  may  be  fumisheii  with  several  dentinal 
processes.  By  means  of  lateral  procewa  the  cells  communi- 
o.ite  with  those  on  either  side  of  them,  and  by  means  of 
their  pulp  proncsiift  with  cells  lying  more  deeply ;  tbestf 
deeper  cells  again  are  to  some  extent  intermediate  in  size 
between  the  odontoblasts  and  the  internal  cells  of  the  pulp. 
The  membraua  ebons  covers  the  surface  <if  the  pulp  like 
an  epithelium.  The  odontoblasts  vary  much  in  form  at 
different  periods ;  in  the  youngest  pulj}s,  prior  to  the  forma- 
tion of  dentine,  they  are  roundish,  or  rather  pyriform; 
during  the  period  of  their  greatest  functional  activity  the 
end  directed  towards  the  dentine  is  sqnoriab,  though  tapering 
to  a  slight  extent  into  the  dentinal  process ;  while  in  old 
age  they  become  comparatively  inconspicuous,  aud  assume 
o  Toimded  or  ovoid  shape.  Tho  general  matrix  of  the  pulp, 
ivj  has  been  before  noted,  is  of  firm,  gelatinous  consistenoy  ; 
it  is  a  little  more  dense  upon  the  surface,  whence  has 
perhaps  arisen  the  erroneous  idea  that  the  pulp  is  boundcci 
by  a  definite  membrane. 

TRe  vessels  of  the  pulp  are  vciy  numerous  ;  three  or 
more  arteries  enter  at  the  apical  foramen,  and  breaking  up 
into  branches  which  are  at  first  parallel  with  the  long  axis 
of  the  pulp,  finally  form  a  capillary  plexus  immediately 
beneath  the  cells  of  the  membrana  eboris. 

No  lymphatics  ore  known  to  occur  in  the  tooth  pulp. 

Tho  nerves  enter  usually  by  one  largish  trunk  and  three 


r 


THE   DENTAL    TISSUES.  103 

or  four  minute  ones  ;  after  pursuing  a  parallel  course,  aaA 
giving  off  some  branches  wliich  anastomose  but  littlo,  in  the 
eipftoded  portion  of  the  pulp  they  form  a  rich  plexus  beneath 
the  memhraua  ehoria,  as  has  been  described  by  Kaschkow 
and  many  subsoquent  writers. 

But  here  our  esuct  knowledge  ends,  for  the  nature  of  the 
terminations  of  the  nerve  fibres  in  the  pulp  is  not  with 
certainty  kno«-n :  the  primitive  fibrils,  which  are  extra- 
ordinarily abundant  near  to  the  surface  of  the  pulp,  often 
form  meshes,  but  this  does  not  appear  to  be  their  real 
termination. 

Bull,  as  has  been  mentioned  at  a  pievioiis  page,  investi- 
gated this  point,  and  found  that  if  a  pulp  be  treated  for  an 
hour  with  very  dilute  chromic  acid  solution,  an  immense 
number  of  fiue  non-medullatcd  nerve  fibres,  which  he  suc- 
ceeded in  tracing  into  continuity  with  the  lai^er  medullated 
fibres,  may  be  discerned  near  to  the  surface  of  the  pulp. 
The  iiltimate  destination  of  these  nerve  fibres  is  un- 
certain ;  but  he  has  seen  them  passing  through  the  mem. 
brana  eboris,  and  taking  a  direction  parallel  to  that  of  the 
dentinal  fibrils  in  such  numbers  that  he  infers  that  they 
lisve  been  pulled  out  from  the  canals  of  the  dentine.  Still, 
whatever  may  be  the  probabilities  of  the  case,  he  has  not 
seen  a  nerve  fibre  definitely  to  pass  into  a  dentinal  canal, 
nor  has  any  other  observer  been  more  fortunate. 

Boll's  observations  have  not  however  been  fully  confirmed 
fcy  any  subsequent  worker  in  the  field,  nor  had  they  been 
definitely  controverted  until  Magitot  recently  stated  that  he 
bad  fully  satisfied  himself  that  the  ner\'es  become  contirtuous 
irfth  the  branched  somewhat  stellate  cells  which  form  a  layer 
beneath  the  odontoblasts,  and  through  the  medium  of  these 
cells  with  the  odontoblasts  themselves,     (See  Fig,  33.) 

If  this  view  of  their  relation  to  the  nerves  bo  correct  the 
aenaitivoness  of  the  dentine  would  be  fully  accounted  for 
-without  the  necessity  for  the  supposition  that  actual  nerve 
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fibres  enter  it,  for  the  dentinal  fibrils  would  be  in  a 
measure  themselves  prolongations  of  the  nerves. 

It  has  already  been  meiitioned  that  the  l^ulp  undeigoes 
alterations  in  advanced  age,  its  diminution  in  size  by  its 
progressive  calcification  and  the  addition  thus  made  to  the 
walls  of  the  pulp  cavity  being  the  most  conspicuous  change 
which  occurs.  In  pulps  which  have  undergone  a  little 
further  degeneration,  the  odontoblast  layer  becomes  atro- 
phied ;  fibrillar  connective  tissue  becomes  more  abundant, 
coincident ly  with  the  diminution  in  the  quantity  of  the  cel- 
lular elements.  Finally,  the  capillary  system  becomes 
obliterated  by  the  occun*ence  of  tliromlx)si8  in  the  larger 
vessels,  the  nerves  undergo  fatty  degeneration,  and  the  pulp 
becomes  reduced  to  a  shrivelled,  unvascular,  insensitive 
mass.  These  changes  may  go  on  without  leading  to  actual 
putrefactive  decomposition  of  the  pulp,  and  are  hence  not 
attended  by  alveolar  abscess ;  but  a  tooth  in  which  the  pulp 
has  undergone  senile  atrophy  is  seldom  fast  in  its  socket. 

The  pul2)s  of  the  teeth  of  some  animals  become  eventually 
entirely  converted  into  secondary  dentine,  but  it  would  seem 
to  be  very  generally  the  case  that  those  teeth  which  exercise 
very  active  functions  and  last  throughout  the  life  of  the 
creature  retain  their  pulp  in  an  active  and  vascular  condition. 


CEMENTUM. 

The  cement  forms  a  coating  of  variable  thickness  over 
the  roots  of  the  teeth,  sometimes,  when  the  several  roots  aiv 
very  close  to  another,  or  the  cement  is  thickened  by  disease, 
uniting  the  several  roots  into  one.  * 

The  cement  is  ordinarily  said  to  be  absent  from  the 
crowns  of  the  teeth  of  man,  the  cai-nivora,  &c.,  and  to  com- 
mence by  a  thin  edge  just  at  the  neck  of  the  tooth,  over- 
lapping the  enamel  to  a  slight  extent ;  it  is,  in  the  healthy 
state,  thickest  in  the  interspaces  between  the  roots  of  molar 
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or  bicuspid  teeth  ;  it  ia,  bowever,  often  thickened  at  the  end 
of  a  root  by  a,  dental  exostosis.  In  oompouiid  teeth,  thj 
ceraentum  forms  the  connecting  substance  between  the  deu- 
ticles  {sec  the  figures  of  the  tooth  of  the  Capybara,  the 
Elephant,  Ac),  and,  before  the  tootli  haa  been  subject  to 
wear,  forras  a  complete  invcatoient  over  the  top  of  the 
crown.  The  cementum  also  covers  the  crowua  of  the  com- 
ples-pattemed  crowns  of  the  tooth  of  ruminantB ;  and,  ia 

Fra.  62  ('). 


my  opinion,  is  present  in  a  rudimentary  condition  upon  the 
teeth  of  man,  Ac,  :ia  Naamyth'a  membrane.  The  cementum 
is  the  moat  esteraal  of  tlje  dental  tissues :  a  fact  whicli 
neceesarily  follows  from  its  being  derived  more  or  less  directly 
from  the  tootli  follicle. 

Both  physically  and  chemically,  and  also  in  respect  of  the 

manner  of  its  development,  the  cementum  ia  closely  allied 

■  to  bone.     It  consists  of  a  laminated  calcified  matrix  or  bnsal 

Bubstance,  and  lacunGC.     Vascular  canals  corresponding  to 

(')  Thick  laminated  eeroentum  from  the  root  of  a  liuman  tootb. 
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tlie  HuTcraian  cujials  of  boiiL',  arc  met  uith,  but  it  is  only! 
thick  cemcntma  that  they  exist  ;  tind,  in  man,  perhnpa  \ 
ciofltosis  more  often  than  in  tlio  thick  hettltliy  tisaue. 

The  lamolloi  of  the  cementiim  are  thinner  towards  the 
ncek  of  thu  tooth,  being  thickest  at  the  apex  of  the  root,  but 
the  number  of  the  lamellm  ia  about  the  same  in  all  parts  ( 
tho  tooth. 

Soon  after  the  completion  of  a  tootli,  tliere  are  bi 
liimellte,  and  an  adult  has  cementum  far  thicker  1 
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child ;  an  aged  person  again  having  more  tlmu  an  adult.  Very 
poaaiWy  it  ia  to  be  regarded  us  growing  at  inten*iila  through 
the  life  of  the  individual  (Black). 

The  matrix  is  a  calcified  substaucc,  which,  when  boiled 
yields  gelatine,  and  if  decalcified  retains  its  form  and  atmc- 
tiire  :  it  is,  in  fact,  practically  identical  with  the  matrix  of 
bone.  It  is  sometimes  apparently  structureless,  at  others 
finely  granular,  or  interspei-aed  witli  small  globules. 

The  laeiinEB  of  cemeutum  share  with  those  of  bone  the 
following  characters  :  in  dried  scctiona  they  are  irregular 
cavities,  elongated  in  the  direction  of  the  lamellro  of  the 
raatris,  and  fumiahed  with  a  large  number  of  processes. 
The  processes  of  the  lacimas  (known  as  canaliculi)  are  most  * 
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abundantly  given  ofl'  at  riglit  angles  to  tlie  lamellie  (hoc 
Fig.  52),  and,  again,  in  cementnm,  arc  more  abundantly 
directed  towards  the  exterior  of  the  root  than  towards  the 
dentine.  Tha  lacmite  of  Mmontuni  differ  from  those  of 
Iione  ill  being  far  more  variable  in  size,  in  form,  and  in  tho 
excessive  number  and  length  of  their  canalicali ;  in  tliis 
latter  respect  tUo  locunie  of  the  cement  of  Cetacean  teeth 
,re  very  remitrkiible. 

Many  of  the  lacunie  in  cementnm  are  connected,  by  means 
of  their  oanaliciili,  with  the  terminations  of  the  dentinal 
tubes  (Fig.  53) ;  they,  by  the  same  means,  freely  intercom- 
municate with  one  another,  while  others  of  their  pi-ocesses 

J  directed  towards  the  surface,  which,  however,  in  most 
instances,  they  do  not  appear  to  actually  reacK. 

The  lacunm  assume  all  sorts  of  peculiar  forms,  especially 
in  the  thicker  portion  of  the  cement. 

Here  and  there  lacunso  are  to  be  found  whicb  are  fur- 
nished with  comparatively  short  processes,  and  are  contained 
witliiu  well-defiued  contours.  Sometimes  such  a  line  is  to 
ha  seen  surroundiug  a  single  lacuna,  sometimes  several 
].ionn£B  are  enclosed  within  it ;  lacuna;  so  circumscribed  are 
c.dled  "encapsuled  lacuna;,"  and  were  first  observed  by 
Uerber  in  the  cement  of  the  teeth  of  the  horse  (they  are 
specially  abundant  in  the  teeth  of  the  soliduugulata).  By 
CMutions  (lisiutegiution  of  the  cemontum  in  acids  these  en' 
(-.ipsuled  lacmiEe  may  be  isolated  ;  the  immediate  walls  of 
tlie  laeimse  and  canalicuH,  just  as  in  bone,  being  composed 
of  a  material  which  has  more  power  of  resisting  chemical 
I'j-agents  tlian  the  rest  of  the  matrix. 

The  enciipsuled  lacuna;  are  to  be  regarded  as  individual 
osteoblasts,  or  nests  of  osteoblasts,  which  have  to  some 
extent  preserved  their  individuality  during  calcification. 

In  the  fresh  condition  it  appears  probable  that  the  lacunar 
are  filled  up  by  soft  matrix,  which  shrinks  up,  and  so  leaves 
ihem  as  caTitics  in  dried  sections.      It  can  hardly  as  yet  be 


said  that  the  (iiiestioii  of  the  contenta  of  liicunw  has  been 
finally  settled,  though  the  researclicB  of  Uiidooker  ftiid  Heita- 
manii  have  gone  fiu*  towards  doJiig  so, 

Aocoi'diug  to  them  ea«h  lacuna  containe  a  protoplaamic 
body,  which  they  term  the  cement  corpUHcle,  with  a  ueutml 
uiicieus. 

This  nucleus  may  be  Ifli^  and  surrounded  by  but  little 
protoplfiam,  or  it  may  be  small ;  or  there  may  Iw  many 
nuclei. 

The  cement  corpuscles  communicate  freely  with  one  another 
by  ofikhoots,  those  of  lat^e  size  occupying  the  conspicuously 
visible  canaliculi  of  the  lacunEc,  whilst  the  finer  offshoots  arc 
believed  by  them  to  form  a  delicate  network  through  the 
whole  basis  Bubatance  or  matrix.  The  cement  corpuscles  near 
to  the  esternal  surface  give  off  numerous  offshoots  which 
communicate  with  protoplasmic  bodies  in  the  periristeum. 
By  this  means  the  cementum  can  remain  alive  even  when 
the  pulp  of  the  tooth  is  dead,  and  thus  the  tooth  bo  in  no 
way  a  mere  foreign  body,  dead  and  inert. 

Like  bone,  cementum  contains  Sharpey'a  fibres;  that  is  to 
say,  rods  running  through  it  at  right  angles  to  its  own 
lamination,  and,  as  it  were,  perforating  it.  These  are  pro- 
bably calcified  bundles  of  connective  tissue.  And  it  is  by 
the  medium  of  these  that  the  alveolo- dental  periostenm 
adheres  to  the  cementum. 

Where  the  cementum  is  very  thin,  aa,  for  instance,  where 
it  commences  at  the  neck  of  a  human  tooth,  it  ie  to  all 
appearance  structureless,  and  docs  not  contain  any  lacunec, 
and  therefore  no  protoplasmic  bodies :  nevertheless  lacuno) 
may  be  sometimes  found  in  thin  cementum,  as,  for  example, 
in  that  thin  laj'or  which  invests  the  front  of  the  enamel  of 
the  rodent-like  tooth  of  a  wombat. 

The  cementum  at  the  neck  is  also  devoid  of  lamellse  ;  it 
appears  to  be  built  up  by  direct  ossification  of  osteoblasts, 
the  prismatic  shape  of  which  may  be  traced  in  it ;  Biidecker 
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describes  it  as  permeated  by  a  fine  but  abundant  network 
of  soft  living  matter.  The  larger  dentinal  tubes  fall  short 
of  the  boimdary  line  at  the  neck,  but  a  fine  protoplasmic 
network  crosses  it.  Bodecker  states  that  it  has  a  covering 
of  epithelial  elements,  like  those  of  the  gum. 

The  outermost  layer  of  thick  cementum  is  a  glassy  film, 
denser  apparently  than  the  subjacent  portions,  and  quite 
devoid  of  lacuna) ;  on  the  surface  it  is  slightly  nodular,  and 
might  be  described  as  built  up  of  an  infinite  number  of 
very  minute  and  perfectly  fused  globules ;  this  is,  in  fact, 
the  youngest  layer  of  cement,  and  is  closely  similar  to  that 
globular  formation  which  characterizes  dentine  at  an  early 
stage  of  its  development. 

The  cementum  is  very  closely,  indeed  inseparably,  con- 
nected with  the  dentine,  through  the  medium  of  the 
"  granular  "  layer  of  the  latter  ;  the  fusion  of  the  two  tissues 
being  so  intimate,  that  it  is  often  difficult  to  say  precisely 
at  what  point  the  one  may  be  said  to  have  merged  into  the 
other.  And  in  this  region  there  is  an  abundant  passage  of 
protoplasmic  filaments  across  from  the  one  to  the  other. 

Nasmyth's  membrane. — Under  the  names  of  Nasmyth's 
membrane,  enamel  cuticle,  or  persistent  dental  capsule,  a 
structure  is  described  about  which  much  difierence  of 
opinion  has  been,  and  indeed  still  is,  expressed.  Over  the 
enamel  of  the  crown  of  a  human  or  other  mammalian  tooth, 
the  crown  of  which  is  not  coated  by  a  thick  layer  of  cemen- 
tum, there  is  an  exceedingly  thin  membrane,  the  existence 
of  which  can  only  be  demonstrated  by  the  use  of  acids, 
which  cause  it  to  become  detached  from  the  surface  of  the 
enamel.  When  thus  isolated  it  is  found  to  form  a  continu- 
ous transparent  sheet,  upon  which,  by  staining  with  nitrate 
of  silver,  a  reticulated  pattern  may  be  brought  out,  as 
though  it  were  made  up  of  epithelial  cells.  The  inner 
surface  of  Nasmyth's  membrane,  is,  how^ever,  pitted  for  the 
reception  of  the  ends  of  the  enamel  prisms,  w^hich  may  have 
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aometiiing  to  do  with  this  reticulate  appearance.  It  iv 
exceedingly  tliiii,  Kulliki-r  attributing  tii  it  a  thickness  of 
oflly  oua  twenty-thoiiHandth  of  an  inch,  but,  nevertheless, 
it  is  very  iudeatructible,  resisting  the  fiction  of  strong  nitrie 
or  hydrocliloric  acid,  and  only  awelling  slightly  when  boiled 
in  caustic  potash.  Notvrith8t;indinj;,  however,  thiit  it  resists 
the  action  of  chemicals,  it  is  not  so  hard  iis  the  enamel,  and 
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becomes  worn  oiF  tokrably  speedilj,  so  that  to  see  it  well  a 
young  ind  unworn  tooth  should  be  selected. 

Obser\iitiona  upon  the  presence  or  absence  of  Nasmyth's 
membrane  in  fish  and  reptiles  are  very  much  needed ;  my 
own  recent  investigations  upon  the  development  of  the 
teeth  in  these  classes  make  me  doubt  whether  the  A  pritm 
conclusion  of  Waldeyer,  who  believes  that  the  cuticle  will 
be  found  on  all  teeth,  is  not  based  upon  an  interpretation  of 
its  nature  which  is  incorrect. 

The  observation  of  Professor  Huslcy,  who  beheved  that 

(1)  From  a  saotion  of  a  bicuspid  tootb  in  whicli  tlie  cenientum,  c,  is  con- 
tinued over  tliB  ontside  of  tlie  enamel,  a  ;  tka  dentino  is  iiiiiicated  bj  the 
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ha  found  it  upon  the  teeth  of  the  frog,  itc,  may  ba  suBoep- 
tible  of  another  ciplanatioD,  to  which  I  ahull  have  to  room", 
merely  prentising  liere  that  its  pre^jeiice  ia  only  certain  iii 
Primates,  C'amivoni,  aiid  Inaectivora. 

The  singular  power  of  rcaistitnco  to  re-Hgonta  wbieli 
characterises  it  provea  nothing  more  than  that  it  ia  a  tissue, 
imperfectly  calcified,  on  the  border-land  of  calcification,  bo 
to  apeak,  since  similarly  resistant  structures  are  to  be  found 
lining  the  Haversian  canals,  the  dentinal  tubes,  the  surfaeo 
of  developing  enimel,  the  laciiuai,  &c. 

In  my  father's  opinion  (Dental  Surgery,   1859}  it  is  to  bj 


regarded  as  a.  thin  covering  of  ceraentum,  and  I  have  given 
additional  evidence  in  support  of  the  view  in  a  paper 
referred  to  already  in  the  list  of  works  which  heads  this 
ehapter. 

It  novr  and  then  happens  that  the  cementum  upon  n 
more  or  less  abnormal  tooth,  instead  of  ceasing  at  the  neck, 
is  continued  up  over  the  exterior  of  the  enamel.  This 
occurs  less  uncommonly  than  is  generally  imagined,  and 
the  accompanying  figure  represents  a  [jortion  of  the  crowu 
"  of  such  a  tooth. 


[1}  Encapsuled  lacuc 


cii[.jinK  a  pit  11 


A    MANUAL    OF   DENTAL    ANATOJ^ 


If  tbe  section  be  niikdc  of  the  grinding  siirfsoeB  ot  suob 

tL'oth  as  present  rtither  deeji  fisstircs  iu  these  situatiuiiB, 
well  marked  and  unmistakeable  lactinal  cells,  or  cncapeuled 
lucuBffi,  will  be  met  with  with  considerable  frequency.  Xow 
and  thou  an  encapsuled  lacnnu  may  be  fuund  occupying;  s 
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shallow  depreaaion  in  the  enamel  TYhich  it  just  fits,  but 
more  commonly  a  doECE  or  more  are  crowded  together  in  a 
pit  in  the  enamel,  where  they  are  usually  stained  of  a  brownish 
colour,  Tbe  occurrence  of  lacuna)  iu  these  situations  is  far 
from  rare  r  my  father's  collection  contains  more  thau  a  dozen 
good  examples  of  them  in  these  positions. 

Naamyth's  membrane,  thin  though  it  is  over  the  exterior 

(')  XasDijtli'B  membrane,  set  free  by  tlio  pirtiHl  Eolutlon  af  tho  enameL 
a.   Nasmyth's  membrane,      h.   Dentine,      d.  Mass  nccupjing  apltintfe^V 
e:;umel.     e.  Enamel,     a',  Tora  end  of  Nasmytli's  membrane.  (■ 
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of  the  enamel,  is  thickened  when  it  covers  over  a  pit  or 
fissure,  and  when  isolated  by  an  acid  is  seen  to  have  entirely 
filled  up  such  spots.     (Fig.  56.) 

In  these  places,  then,  where  the  encapsuled  lacunse  are  to 
be  found,  Nasmyth*s  membrane  also  exists,  a  fact  which 
alone  would  lend  some  probability  to  the  view  that  it  is 
cementum. 

The  general  absence  of  lacuna3  in  Nasmyth's  membrane 
is  due  to  the  fact  that  it  is  not  thick  enough  to  contain  them ; 
just  as  the  thinnest  layers  of  unquestionable  cementum  also 
are  without  lacunae. 

In  sections  of  an  unworn  bicuspid  which  was  treated  with 
acid  subsequently  to  its  having  been  ground  thin  and  placed 
upon  the  slide,  I  have  several  times  been  fortunate  enough 
to  get  a  view  of  the  membrane  in  situ  ;  it  then  appears  to 
be  continuous  with  an  exterior  layer  of  cementum,  which 
becomes  a  little  discoloured  by  the  acid  employed  to  detach 
Nasmyth's  membrane  from  the  enamel.  I  am  therefore 
inclined  to  regard  it  as  young  and  incomplete  cementum, 
and  to  consider  it  as  representing  (upon  the  human  tooth) 
the  thick  cementum  which  covers  the  crowns  of  the  teeth  of 
Herbivora  ;  and  I  am  very  glad  to  learn  from  my  friend 
Dr.  Magitot,  who  has  made  many  as  yet  unpublished  re- 
searches upon  this  subject,  that  he  entirely  concurs  in  this 
view,  which  has  also  the  support  of  Professor  Wedl. 


The  evidence  offered  that  Nasmyth's  membrane  is  cementiim. 
althoug'h  strong,  does  not  amount  to  absolute  proof  ;  it  is  therefore 
desirable  to  briefly  recapitulate  the  other  explanations  of  its  nature 
which  have  been  offered. 

Nasmyth,  who  first  called  attention  to  its  existence,  regarded  it 
as  '•  persistent  dental  capsule  ;  "  a  view  of  its  nature  not  very  ma,- 
terially  differing  from  that  advocated  in  these  pages. 

Professor  Huxley  described  it  as  being  identical  with  the  mem- 
brana  perf  ormativa  ;  that  is  to  say,  with  a  membrane  which  covered 
the  dentine  papilla  prior  to  the  occurrence  of  calcification,  and 
which  afterwards  came  to  intervene  between  the  formed  enamel 
and  the  enamel  organ.     The  objections  to  the  acceptance  of  this 


view  of  its  nature  are  bo  inextricabl;  wrapped  np  with  othei  ob- 
jections to  PcofeHHor  Huxley's  theory  of  tlie  development  of  the 
teeth,  that  they  cannot  profltably  be  ilptaileU  in  this  place  ;  it  will 
suffice  to  »ay.  that  evidence  and  the  veiirht  of  nuthoritj'  alike  point 
to  Uiere  being  no  Buch  true  membrane  at  this  membmna  perf  orma- 
tira  in  the  place  in  qnestioo. 

Waldeyer  holds  that  it  (i.e.,  Sawmj-th's  membrnne)  is  a  product  of 
a  part  of  the  enamel  organ.  After  the  completion  of  the  formation 
of  the  enmnel  he  believen  th^t  the  oellH  of  the  external  epithelium 
of  the  enamel  orifan  bouoms  applied  to  the  surface  of  the  eiuunel 
and  there  i-urni/irvl ;  in  this  way  he  aocount«  for  its  reHirtance  to 
reagent*,  and  for  its  peculiar  smell  when  it  is  burnt. 

Its  extreme  thinnenB,  bo  far  as  it  goes,  in  an  abjection  to  this 
fuppoeition  :  a  more  weighty  argumtnt  agaiiml  it  in  the  absence  of 
analogy  for  KUuh  a  ]>eculiBr  change,  by  which  one  portion  of  the 
Kuae  org;an  iit  calcified,  and  the  rest  uomifieii ;  and  again,  what  be- 
comes of  these  cells  in  those  teeth  in  which  cementnm  is  deposited 
in  bulk  over  the  snrf  ace  of  the  enamel  ?  Aocordin<;to  the  statement 
of  Dt.  Magitot,  the  layer  of  cells  in  question  (eitemal  epithelium 
of  the  enamel  organ)  is  atrophied  before  the  time  of  the  completion 
of  the  enamel  ;  a  fact  which,  if  confirmed,  ia  fatal  to  Waldeyer's 
explanation.  And  Dr.  Magilnt,  in  bis  most  recent  paper  on  the 
subject  (Journal  de  I'Anatamie,  kc,  18H1),  gives  his  edherenoe  to 
the  view  that  it  is  cementnm. 

Kiilliker,  who  dissents  strongly  from  the  viaws  of  Waldeyer.  and 
admits  some  uncertainty  as  to  its  nature,  provisionally  regards  it  as 
a  continnouH  and  stnicturelesB  layer  fumiahed  by  the  enamel  oella 
after  their  work  of  fommig  the  fibrous  enamel  was  complete  ;  a 
sort  of  varnish  over  the  surface,  as  it  were. 

This  would  not  account  for  t>e  occurrence  of  lacuna;  in  it. 


The  Gum. 

The  gum  is  continuous  with  the  mucous  memlirane  of 
the  inside  of  the  lips,  of  the  floor  of  the  mouth,  and  of  the 
palate,  and  diflers  from  it  principally  by  its  greater  dtJiisity. 
Its  harduesa  is  in  part  duo  to  the  abundant  tendinous  fasci- 
culi which  it  itself  contaius,  in  part  to  its  being  closely 
bound  down  to  the  bone  by  the  bknding  of  the  dense  fibrous 
fasciculi  of  the  penosteum  with  its  own  The  fasciculi 
spriuging  from  the  pciiosteiim  spiead  out  m  f^n-like  shape 
ii'4  they  approath  the  epithelial  smfai.e      There  is  thus  no 
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very  sharp  line  uf  demarcation  between  the  gum  and  the 
periosteum  when  these  lire  aecD  in  Bection.  in  situ. 

The  gum  ia  heeet  with  nither  hirgt',  broad-baBed  papillte, 
which  are  sometimes  single,  sometimen  compound ;  the 
epithelium  is  composed  of  laminEe  of  teaselated  cells,  much 
flattened  near  to  the  surface  ;  but  cylindrical  cells  form  the 
deepest  layer  of  the  epithelium,  the  rcte  Malpighi. 

Small  round  i^gregatious  of  pavement  epithelium  are 
met  with  at  a  little  depth,  or  even  bedded  in  the  surface ; 
tboae,  the  "glands"  of  Serres,  have  no  known  significance. 
In  the  neighbourhood  of  developing  tooth-sacs  epithelial 
aggi-egations  of  similar  appearttQce  are  to  be  met  with,  and 
in  such  spots  are  remains  of  the  neck  of  the  enamel  organ 
(of,  page  145),  which  has  imdergone  this  curious  change 
subsequently  to  the  com]>letiou  of  its  original  function. 
The  gums  are  rich  in  vessels,  but  remarkably  scantily  sup- 
plied with  nerves. 

At  the  necks  of  the  t«eth  the  gum  becomes  continuous 
with  the  periosteum  of  the  internal  surface  of  the  alveoli 
into  which  it  passes  without  any  line  of  demarcation. 


The  Alveolo-Dental  Meubrane. 

The  Alveolo-deutal  I'eriosteum,  or  Root  membrane,  is  a 
connective  tissue  of  moderate  density,  devoid  of  elastic 
fibres,  and  richly  supplied  with  nerves  and  vessels. 

It  is  thicker  near  to  the  neck  of  the  tooth,  where  it 
passes  by  imperceptible  gradations  into  the  gum  and  peri- 
oateum  of  the  alveolar  process,  and  near  to  the  apes  of  the 
root.  The  general  direction  of  the  fibres  is  transverse  ;  that 
is  to  say,  they  run  across  from  the  alveolus  to  the  cemen- 
tom,  without  break  of  continuity,  as  do  also  many  capillary 
vessels ;  a  mere  inspection  of  the  connective  tissue  bundles, 
as  seen  in  a  transverse  section  of  a  decalcified  tooth  in  its 
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socket,  will  suffice  to  detnonstnite  thnt  there  is  but  n  single 
"  membrane,"  and  that  no  such  thing  as  a.  membraiie  proper 
to  the  root  and  another  proper  to  the  alveolus  can  \te  dis- 
tinguished ;  and  the  study  of  \X»  developmeut  alike  proves 
that  the  soft  tissue  investing  the  root,  and  that  lining  the 
socket,  are  one  and  the  same  thing  :  that  there  is  but  one 
"  membrane,"  namely,  the  alveolo- dental  periosteum. 

At  that  part  nhicb  is  nearest  to  the  bono  tlie  fibres  are 
grouped  together  into  conspicuous  bundles  ;  it  is,  in  fact-, 
much  like  any  ordinary  fibrous  membrane.  On  its  inner 
aspect,  where  it  becomes  contiuuous  with  the  cementiun,  it 
consists  of  a  fine  network  of  interlacing  bands,  many  of 
urhich  lose  themselves  in  the  surface  of  the  cemcntutn. 

But  although  there  is  a  marked  difference  in  hiatologioa] 
character  betn-een  the  extreme  parts  of  the  menibrnne,  yet 
the  markedly  fibrous  elements  of  the  outer  blend  and  pass 
insensibly  into  the  bands  of  the  fine  network  of  the  inner 
part,  and  there  is  no  break  of  continuity  whatever. 

The  actual  attachment,  both  to  the  cementnm  and  to  the 
bone,  takes  place  by  means  of  the  connective  tissue  fibres, 
which  pass  right  into  the  hard  stnictnres,  which  they 
traverse  for  same  distance,  and  in  this  situation  are  known 
as  Sharpcy's  fibres. 

They  pass  thi-ougb  all  the  lamcllai  of  the  cementnm,  and 
there  are  appearances  of  shrinkage  in  t\ry  preparations 
which  would  lead  to  the  inference  that  they  were  not  Tery 
fully  calcified  ;  in  some  portions  of  the  cementnm  it  seems 
to  be  almost  composed  of  them,  as  at  the  neck  of  a  tooth 
(Black).  This  writer  states  that  they  may  be  especially  ' 
clearly  seen  in  the  pig,  and  that  "they  are  the  principal 
fibres  of  the  peridental  membrane  included  in  the  cementum 
in  ita  growth,  and  furnish  the  means  of  making  firm  hold  tjf 
the  peridental  membrane  upon  the  root  of  the  tooth.  They 
are  white  connective  tissue  fibres,  the  ends  of  which  are 
included  in  the  matrix  of  the  cementum  suSiciciitly  to  make 
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them  apparent  when  the  hnie  salts  are  removed,  but  when 
both  are  cnlcificd,  they  caunot  be  demonstrated  except  in 
casea  where  there  is  inaperfeot  calcification  of  the  fibres,  as 
hoB  been  mentioned  abova" 

The  thickness  of  the  membrane  appears  to  undei^  a 
diminution  with  age,  by  calcification  encroaching  upon  it 
from  both  the  side  of  the  bone  and  of  the  cementum. 

Malassez  ("Archiv  de  Physiologic,"  1885)  urges  that  an 
ordinary  periosteum  in  this  situation  would  be  too  tender  for 
the  purposes  of  mastication,  and  that  as  it  is  not  a  mere 
enveloping  membrane,  but  is  composed  of  fibrous  bundles, 
which  serve  to  sling  the  tooth  in  its  place,  it  should  be 
called  the  alveolodental  ligament;  he  further  eompares  it 
with  the  fibroTis  bands  which  in  some  fishes  serve  to  tie  the 
tooth  down  to  the  bone  where  no  tooth  sockets  exist,  and 
holds  that  it  is  strictly  homologous  with  these,  Eanvier 
also  points  out  that  there  is  no  isolable  membrane  such  as 
there  is  on  a  long  bone,  and  compares  the  alveolar  cavity  and 
its  contents  to  a  very  large  medullary  space. 

At  the  surface  of  the  cementiim  it  is  more  richly  cellular, 
and  here  occur  abundantly  large  soft  nucleated  plasm 
masses,  which  are  the  osteoblasts  cocuemed  in  making 
cementum,  and  which  by  their  ofishoots  communicate  with 
plasm  masaes  imprisoned  within  the  cementum. 

I  have  rarely  seen  the  fibres,  whether  in  longitudinal  or 
in  transverse  sections,  pass  straight  in  the  shortest  possible 
line  from  the  bone  to  the  cementum,  but  they  invariably 
pursue  an  oblique  course,  which  probably  serves  to  allow  for 
alight  mobility  of  the  tooth  without  the  fibi-ea  being  stretched 
or  torn. 

The  blood  vessels  are  most  abundant  in  membrane  mid- 
jray  between  tlie  bone  and  tbe  cementum,  or  rather  nearer 
to  the  latter  j  but  close  to  it  there  is  a  rich  capillary  plexus 
without  lai^e  vessels,  A  good  many  of  the  arteries  enter 
the  apical  region,  and  break  up  to  go,  partly  to  the  tooth  pulp 
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and  partly  to  the  periosteum,  Bome  of  them  reachmg  right 
from  the  apex  to  the  gum  ;  they  anastomose  freely  with 
vessek  in  the  bone  and  with  those  of  the  giu 
blood  supply  is  not  easily  interfered  with. 

Kio.  67  ('). 


The  vascular  supply  of  the  root  membrane  is,  iiccording 
to  Wedl,  derived  from  three  sources ;  the  gums,  the  yesaelB 
of  the  bone,  and  the  Teasels  destined  for  the  pulp  of  the 
tooth,  the  lust  being  the  most  important. 

(')  Portion  o!  the  Hide  of  the  root  of  a  tooth,  tho  gum  and  alvsalo- 
dEntdl  merohrane,  anJ  the  edge  of  the  hone  of  the  alveolus. 

A  band  of  ilbrea  is  seen  passing  over  the  Eurfaoe  of  the  alveolns  sad 
dividing,  some  to  pasa  upwards  into  the  gum,  others  to  pass  more  dirootly 
acrosB  to  the  oementum.  Numerous  orifices  of  vessels  cut  across  traaa- 
versely  arc  Been  hetween  the  tooth  ami  the  bona. 
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The  nerve  supply  also  is  largely  derived  from  the  dental 
nerves  running  to  the  dental  pulps ;  other  filaments  come 
from  the  iuter-alveolar  caiiala  (canals  in  the  bono,  contain- 
ing nerves  and  vessels,  which  are  situated  in  the  septa 
separating  the  alveoli  of  contiguous  teeth). 

It  should  be  borne  iu  mind  that  the  tooth  pulp  nnd  the 
tissue  which  becomes  the  root  membrane  have  sprung  from 
the  same  source,  and  were  once  continuous  over  the  whole 
base  of  the  pulp.  A  recognition  of  this  fact  makes  it  enaier 
to  realise  how  it  comes  about  that  their  vascular  and  nervous 
auppliea  are  so  nearly  identioal. 

yevei-al  observers  have  laid  stress  upon  the  occurrence  of 
cells  upon  the  surface  of  the  cementum,  deep  down  in  the 
tooth  sockets,  which  are  unlike  osteoblasts,  but  ai-e  very 
much  like  epithelial  cells.  It  is  claimed  by  von  Brunn 
that  the  enamel  organ  goes  far  Iwlow  the  region  where 
enamel  is  to  be  formed,  and  that  it  is  in  fact  co- 
extensive with  the  deutine,  thus  necessarily  intervening 
between  the  dentine  and  the  cement -forming  tisane  ;  he 
describes  the  connective  tissue  bundles  as  growing  through 
it  to  attach  themselves  to  the  dentine,  and  thus  cutting  up 
the  remains  of  this  enamel  organ  into  small  isolated  areas, 
which  are  to  be  found  here  and  there  in  the  adult  alveolo- 
deutal  periosteum. 

Dr.  Black  describes  another  type  of  cells  which  he  be- 
lieves to  be  lymph  cells  lining  lymph  canals  ;  these  are 
always  found  close  to  cementnmi  He  believes  also,  as 
corroborative  of  this  view,  that  he  has  been  able  to  trace 
pus  infiltration  along  these  chains  of  cells. 

The  human  tooth  is,  accepting  as  correct  the  researches 
of  Bodecker,  which  appear  in  every  way  deserving  of  credence, 
connected  with  the  living  organism  very  intimately,  even 
though  its  special  tissues  arc  estra- vascular. 

For  blood  vessels  and  nerves  enter  the  tooth  pulp  in 
abundance  ;  the  dentine  is  organically  connected  with  the 
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pulp  by  the  dentinal  fibfik ;  tbeae  sn  eooaiMteil  wUk  tte 

•oft  cement  corpuscles,  vhicb  ag»in  we  Ina^t  b^  their 
proceaaea  into  intimate  relation  vtth  liaulsr  bodiea  In  tlM 
bighl;  TascnW  periosteum. 

Ho  that  hetween  pulp  iasi<ie,  and  periosteum  ootnd 
ia  a  contioaous  chain  of  livuig  plasm. 
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CHAPTER    IV. 


THE  UKVELOPMBM  OF  THE   TEETH. 

The  development  of  the  t«eth  is  a  process  mIiIcIi,  while 
subject  to  motlificationa  in  the  different  groups  of  verte- 
brates, retains  nevertheless  in  all  certain  essential  charac- 
ters, so  that  it  becomes  possible  to  embody  its  main  features 
in  a  general  accoimt. 

Prior  to  the  commencement  of  any  calcification  there  is 
always  a  spiecial  disposition  of  the  Boft  tissues  ut  the  &pot 
where  a  tooth  is  destined  to  bo  formed  ;  and  the  name  of 
"  tooth  germ  "  is  given  to  those  portions  of  the  soft  tissue 
which  are  thus  specially  arranged.  All,  or  a  part  only,  of 
tbte  soft  strncturea  making  up  a  ttioth  germ,  become  con- 
verted into  the  dental  tissues  by  a  deposition  of  salts  of  lime 
within  their  own  substance,  so  that  an  actual  conversion  of 
at  least  some  portions  of  the  tooth  germ  into  tooth  takes 
place.  The  tooth  is  not  secreted  or  excreted  by  the  tooth 
germ,  but  an  actual  metamorphosis  of  the  latter  takes 
place.  The  details  of  this  conversion  can  be  better  dia- 
ciiseed  at  a  later  page  ;  for  the  present  it  will  suftice  to  say 
that  the  three  principal  tissues,  namely,  dentine,  enamel, 
and  cementum  are  formed  from  distinct  parts  of  the  tooth 

rro,  and  that  we  are  hence  accustomed  to  speak  of  the 
enamel  genu  and  the  dentine  germ  ;  the  existence  of  a 
special  cement  germ  is  asserted  by  Magitot,  but  as  yet  his 
descriptions  await  confirmation. 

In  many  anatomical  works  the  process  of  tooth  develop- 
ment uaed  and  may  sometimes  still  be  found  to  be  divideij 
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into  periods,  under  the  names  of  "  papillary,"  "  follicular/' 
and  "  eruptive  "  stages. 

These  stages  are  based  upon  a  false  conception^  upon 
theories  now  known  to  be  incorrect,  and  may  advantageoualy 
be  absolutely  abandoned.  The  account  of  the  development 
of  the  teeth  given  in  the  following  pages  (based  in  the 
case  of  man  and  mammals  upon  the  researches  of  KoUiker, 
Thiersch,  and  Waldejer ;  in  the  case  of  reptiles  and  fishee, 
upon  those  of  Huxley  and  Santi  Sirena,  and  upon  Hertwig's 
and  my  own),  wuU  be  found  to  differ  from  the  older  accounts 
published  by  a  deservedly  great  authority.  Professor  Owen. 
Modern  methods  of  research  have  disclosed  facts  heretofore 
not  demonstrable ;  yet  twenty  years  ago  Professor  Huxley 
demonstrated  in  a  remarkable  paper  the  incorrectness  of 
certain  of  tlie  theories  tlien  promulgated.  Of  the  general 
accuracy  of  tlie  following  description  I  am  however  fully 
satisfied,  and  most  of  tlie  facts  may  be  easily  verified  by  any 
one  desirous  of  so  doing. 

True  tooth  germs  are  not  formed  quite  upon  the  surface  (')> 
but  arc  always  situated  at  a  little  distance  beneath  it,  in 
some  creatures  ultimately  coming  to  lie  at  a  considerable 
depth.  Every  known  tooth  germ  consists  in  the  first  in- 
stance of  two  portions,  and  two  only,  the  enamel  germ  and 
the  dentine  germ ;  and  these  are  derived  from  distinct 
sources,  the  former  being  a  special  development  from  the 
epithelium  of  the  mouth,  the  latter  from  the  more  deeply 
lying  parts  of  the  mucous  membrane.  Other  things,  such 
as  a  tooth  capsule,  may  be  subsequently  and  secondarily 
formed,  but  in  the  first  instance,  every  tooth  germ  consists 
of  an  enamel  germ  and  a  dentine  germ  only,  and  the 
simplest  tooth  germs  never  develop  any  additional  part& 
The  existence  of  an  enamel  organ  in  an  early  stage  is  there* 
fore  perfectly  independent  of  any  subsequent  formation  of 

{})  The  placoid  scales  of  embryonic  sharks  are,  however,  formed  on  ibe 
Burface,  and  the  **  germs  "  covered  in  by  epithelium  only  (Hertwig).- 
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enamel  by  ita  ow-n  conversiou  into  a  calcified  tissue,  for  I 
hnve  shown  that  it  is  to  be  found  in  the  germa  of  teeth 
which  have  no  enamel ;  in  fact,  in  all  kuowii  tooth  germs 
whatever. 

That  part  of  the  tooth  germ  destined  to  become  dentine 
is  often  called  the  dentine  papilla,  having  acquired  this 
name  from  its  papilliform  shape  ;  and  in  a  certain  Boiise  it 
is  true  that  the  enamel  organ  is  the  epithelium  of  the  den- 
tine papilla.  Yet,  although  not  absolutely  untmo,  such  an 
expression  might  mislead  by  implying  that  the  enamel 
organ  ie  a  secondary  development,  whereas  its  appearance 
is  eontemporaneoua  with,  if  not  antecedent  to,  that  of  the 
dentine  germ,  Tlie  most  general  account  that  I  am  able 
to  give  of  the  process  is,  that  the  deeper  layer  of  the  oral 
epithelium  sends  down  into  the  subjacent  tissue  a  process, 
the  shape  and  structure  of  which  is,  in  most  iuiimals,  dis- 
tinguishable and  characteristic  before  the  dentine  germ  has 
taken  any  definite  iorm.  This  process  enlarges  at  its  end, 
and,  aa  seen  in  section,  becomes  divaricated,  so  that  it  bears 
some  resemblance  to  an  inverted  letter  Y  ;  or  it  might  more 
truthfully  be  compared  to  a  bell  jar  with  a  handle ;  this 
oonstitutos  the  early  stage  of  an  enamel  gerin  (see  Fig.  66), 
while  beneath  it  in  the  mucous  tiaeue,  the  dentine  germ 
aaaumes  ita  papilliform  shape.  The  details  of  the  process 
varying  in  different  creatures,  I  will  at  once  jiroceed  to  the 
description  of  the  development  of  teeth  in  the  various 
groups. 

In  ElaBUobraach  FialieB. — If  a  transverse  section 
through  the  jaw  of  a  dog-fiah  (ScjUium  canicula)  be  ex- 
amined, we  shall  find  that  the  forming  teeth  lie  upon  the 
inside  of  the  semi-ossiiied  jaiv-bones,  the  youngest  being  at 
the  bottom  {Fig.  58) ;  progressing  upwards,  each  tooth  is 
more  fully  calcified  till,  on  passing  over  the  border  of  the 
jftw,  we  come  to  those  teeth  whose  period  of  greatest  useful- 
ness is  passed  and  which  are  about  to  he  cast  off  in  the 
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OODne  of  thftt  slow  rotAtion  of  the  whole  tooth-betfing 
mueoos  memWaoe  over  the  border  of  the  jaw,  which  is 
constantly  going  on. 

lo  the  Kction  figured  there  are  four  teeth  udvanoed  in 
calcification,  while  beneath  ttieoi  arc  four  tooth  germs  in 
eariier  stages ;  of  the  former  t»o  only  are  fully  protruded 
through  the  epithelium,  the  third  being  in  part  covered  in  ; 
the  remaining  teeth  are  altogether  beneath  the  surface  of 
the  epithelium,  and  therefore  shut  off  from  the  cavity  of  the 
mouth,  if  the  soft  parts  be  all  in  titu. 

All  the  teeth  not  fully  calcified  are  covered  in  and  pro- 
tected by  a  reflexion  upwards  of  the  mucous  membrane  {c  in 
the  figure),  which  serves  to  protect  them  during  their  calci- 
fication. 

But  although  this  may  be  termed  a  fold  reflected  upwards, 
it  is  not,  as  was  8up[X)sed  by  Professor  Owen,  a  free  flap, 
detached  from  the  opposite  surface  on  which  the  teeth  are 
developing  ;  there  ia  no  deep  open  fissure  or  pouch  running 
round  inside  the  jaw,  as  would  in  that  case  exist,  und  the 
epithelium  does  not  pass  down  on  the  one  side  to  the  bottom 
of  such  fissure,  and  theu  ascend  upon  the  other  as  a  distinct 
layer.  Although  the  fold  ia  verj"  easily  torn  away  from  the 
tooth  germs  which  it  covers  in.  yet  in  the  natural  condition 
it  K  attached,  and  there  is  no  breach  of  surface ;  the  epithe- 
lium passing  across  from  the  jaw  to  coyer  it  is  well  seen  iu 
the  figure,  iu  which  the  epithelial  layer  is  represented  as 
broken  just  at  the  point  (between  the  third  and  tburth 
teeth)  where  it  leaves  the  jaw  to  cross  over  on  to  the  aurfkce 
of  the  flap. 

The  conditions  met  with  in  the  Elasniobranch  fishes  are 
peculiarly  favourable  for  the  determination  of  the  homolo- 
gies of  the  several  parts  of  the  tooth  germ  and  of  the  formed 
tooth  ('),  At  the  base  of  the  jaw,  whoi-e  the  youngest 
tooth  germs,  are  to  be  found,  the  tissue  whence  the  dentine 
(')  Compare  the  description  of  the  placoid  dermal  spine  (page  2). 
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papilla}   ttriso  blenda  insensibly  with  that  makiug  up  t 
Bubetance  of  the  thecal  fold  on  the  one  hand,   and  on  t 


ity  of  the  jaw  and  giving 


Othei*,  with  that  clothing  t 
attachment  to  the  teeth. 

No  sharp  line  of  dcmivroation  at  any  time  marks  off  the 
baae  of  the  dentine  papilla  from  the  tissue  which  surrounds 
it,  and  from  which  it  springs  up,  as  woidd  be  the  case  in 
mammalian  or  reptilian  tooth  germs ;  all  that  can  be  said 
is,  that  the  dentine  germs  are  eelJular,  the  cells  being  large 
and  rounded,  while  in  tho  rest  of  the  mucous  membrane 
the  fibrillar  elements  preponderate,  so  that  it   passes   by 


(')  Traasrerse  sectioa  of  loWEr 
h.  Oral  epithelliim  pitsaing  on  to 
bnne  (thecal  fold),  rf.  Yoiingt 
orgHi.    /.  Tooth  about  to  be  the 


t  Dog-Seh.  o.  Oral  epitbelimi 
Protecting  flap  of  mucouB  men 
ine  pulp.  t.  Yonngest  gnani 
luIciGed  trust  of  jaw. 
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imperceptible  gradatiune  into  the  densely  fibrous  ^m, 
ciu  tlie  espoeed  border  of  the  jaw. 

The  dentine  gemia,  and  coiiaoquentljr  the  dentine,  ore 
indiKputably  derived  from  the  uunnective  tissue  of  the 
mucous  membrane  immediately  Hubjaceut  to  the  epithe- 
lium, nor  can  it  be  doubted  that  tho  enamel  ot^ns  ore 
simply  tho  modified  epithelium  of  that  aame  muoouB 
membrane. 

Of  course  there  is  nothing  new  in  this  conclusion,  which 
had  been  already  arrived  at  by  the  study  of  other  creatures, 
but  the  sharks  happen  to  demonstrate  it  with  more  clear- 
ness than  those  other  animals  in  whom  the  original  nature 
of  the  process  is  more  or  less  moalied  by  the  introduction  of 
further  complexities. 

Hence  it  is  worth  while  to  study  carefully  the  relations 
of  the  epithelium  coimtitriting  the  enamel  organs  with  that 
of  the  surface  of  the  mouth.  As  has  bccu  already  mentioned, 
in  the  normal  condition  of  the  part  there  is  no  deep  fissure 
on  the  inner  side  of  the  jaw,  but  the  epithelium  passes 
across  (frum  the  interspace  between  the  third  and  fourth 
t«eth  in  the  figure)  on  to  the  protecting  fold  of  mucous 
membrano  (c  in' fig.).  But  although  the  epithelium  is  re- 
flected across  on  to  the  thecal  fold,  it  is  also  continued 
downwards  along  the  inner  aide  of  tho  developing  teeth  and 
tooth  germs,  giving  to  each  a  complete  investment,  and 
filling  up  the  whole  interval  between  the  tooth  germ  and  the 
thecal  fold.  The  epitlielium  in  this  situation  does  not,  then, 
consist  simply  of  one  hiyer  going  down  ou  the  one  side  and 
covering  the  toiith  germs,  and  then  reflected  up  at  the 
bottom  to  coat  the  inner  side  of  the  thecal  fold,  but  it  is  ao 
arranged  as  to  have  relation  only  to  the  tooth  germs  ;  it  is 
termed  "  enamel  organs  "  because  over  the  tooth  germs  these 
epithelial  cells  assume  a  marked  columnar  character,  and 
ore  very  different  in  appearance  from  the  epithelium  else- 
wliere. 
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The  terminal  portion  of  this  epitlielium,  or,  in  other 
words,  tlio  joTingeat  enamel  germ,  forms  a  bell-like  cap  over 
the  ominencG  of  mudoiia  membrane  connective  tiasue  which 
congtitutea  the  earlieBt  dentine  germ,  and  in  section  is  of 
the  form  shown  in  the  figure.  The  aurfiice  next  to  the 
dentine  papilla  couaiata  of  elongated  columnar  cells,  with 
nuclei  near  to  their  attached  extveniitiea,  while  the  rest  of 
its  substance  is  made  up  of  much  smaller  cells,  some  of 
which  have  inosculating  processes,  bo  that  they  constitute 
a  sort  of  finely  cellular  connective  tiaaue,  very  difl'ercnt  in 
appearance  from  anything  met  with  in  mammalian  enamel 
organs.  It  is  sufficiently  consistent  to  keep  up  the  con- 
tinuity of  all  the  enamel  or^ns,  even  when  displaced  in 
cutting  sections,  so  that  the  whole  might  be  described  as 
forming  one  composite  enamel  organ.  The  columnar  cells 
already  alluded  to  invest  the  whole  surface  which  is 
directed  towards  the  forming  teeth,  but  they  atrophy  some- 
what in  the  interspaces  of  the  tooth  germs. 

Before  proceeding  further  in  the  description  of  the  deve- 
lopment of  the  tooth  germs,  it  will  be  well  to  refer  to  a 
somewhat  earlier  stage  in  the  growth  of  the  Dog-fish,  in 
which  the  relation  subsisting  between  the  teeth  and  the 
dermal  spines  is  still  well  seen. 

On  the  lower  jaw  of  the  young  dog-fish  there  is  no  lip  ; 
hence,  as  is  seen  in  the  figure,  the  apines  which  dnthe  the 
skin  come  close  tti  the  dentigeroua  surface  of  the  jaw. 

Although  there  are  differences  in  form  and  size,  a  glance 
at  the  figure  will  demonstrate  the  homological  identity  of  the 
teeth  and  the  dermal  spines.  As  the  dog-fish  increases  in 
size,  this  continuity  of  the  teeth  with  the  dermal  spines  on 
the  outside  of  the  head  becomes  interrupted  by  an  estenaion 
of  the  skin  to  form  a  lip ;  this  happens  earlier  in  the  upper 
jaw  than  in  the  lower,  and  at  first  the  spines  are  continued 
over  the  edge  and  the  inside  of  the  newly  formed  lip — from 
these  situations,  however,  they  soon  disapjiear.    In  structure, 
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■  the  teeth  and  the  dermal  spines  are,  in  many  species,  very 

■  closely  BJmilar;   the  latter  are,  however,  mwcli  leas  of^n 

■  Hhed  and  reproduced,  so  that  it  is  less  easy  to  Rnd  them  in 
K  all  stages  of  their  growth ;  I  believe,  however,'  that  they 
I  follow  a  course  essentially  similar  to  that  of  the  teeth. 

■  It  is  stated  by  Gegeiibaur  that  in  Selachin  the  mucona 


membrane  of  the  mouth  is  clothed  with  spines  of  a  structure 
similar  to  that  of  the  teeth,  and  that  thei^e  spines  tvte  o&ea 
limited  to  paiticular  regions,  extending  bacit  as  far  aa  the 
pharynx — these  smne  regions  in  Ganoids  and  Osseous  fishes 
being  occupied  by  conspicuous  teeth ;  and  Hertwig  has 
shown  that  the  dermal  spines  are  developed  in  a  manner 
precisely  analogous  to  that  described  in  the  teeth,  save  that 
the  germs  are  even  less  specialised. 

In  Telsostei  or  Osaeons  Tishea. — In  passing  from 
the  consideratiou  of  the  development  of  the  tooth  germs  of 
Elasmobranch  to  those  of  Osseous  fishes,  the  first  difference 
to  be  noted  is  this  ;  whereas  in  the  former  each  tooth  germ 
was,  so  far  as  the  enamel  germ  is  concerned,  derived  from  that 

(')  Saction  of  lower  jaw  of  young  Dog-fisli,  showing  tlie  oontinnity  of  the 
dermal  spiuea  of  the  skin  iiiidcr  tbe  j^w,  witli  tho  teetk  whidi  lie  above 
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of  the  next  older  tooth,  in  the  latter  each  enamel  germ  often 
arises  independently  and,  hs  it  were,  de  novo.  At  all  events, 
BO  far  as  my  own  inveatigatioDB  go,  no  conneotion  has  been 
traced  between  the  germs  of  teeth  of  different  ages ;  but 
Heineke  says  that  in  the  Pike  new  enamel  organs  may  be 
derived  from  older  ones. 

This  independent  origin  of  an  indefinite  number  of  teeth, 


having  no  relation  to  their  piLdecessors  is  Dnl\  certainly 
known  to  occur  in  the  oaaeoua  hsh  of  the  development  of 
the  teeth  of  Ganoid  fish  nothing  is  known 

The  oral  epithelnm  which  varies  much  in  its  thickness 
and  in  other  characters  m  difierent  fibhea  sends  down  a 
process  which  goes  to  form  an  enamel  organ,  w  hilst  a  dentine 
papilla  in  rising  up  to  meet  it  comet!  to  bt.  invested  by  it  as 
vrith  a  cap.  The  d,ft(,r  hiatorj  of  the  process  depends  much 
on  tho  character  ot  tooth  which  is  to  be  formed.  If  no 
enamel,  or  but  a  rudimentary  coat  of  tnamel  la  tobe  formed, 
the  cells  of  the  enamel  orgin  remain  small  and  insignificant, 
as  in  the  mackerel  If  on  the  other  hand  a  partial  invest- 
ment of  enamel  is  found  upon  the  perfected  tooth,  auch 
for  instance,  as  the  little  enamel  tips  upm  the  teeth  of  the 

{•)  Tooth-germ  of  an  poI.  d.  Neck  of  enamel  organ,  e.  Enamel  cells. 
a.  Cap  of  enamel,  b.  Cap  of  dentine,  e.  Eudimentary  ennmel  cells 
opposite  to  tliat  part  of  the  dentiue  genu  wliere  ao  enamel  will  bo  farmeJ. 
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eel  (see  Fig,  93),  then  the  after-development  of  the  euamel 

organ  ia  very  instructive. 

Opposite  to  the  apex  of  the  dentine  papilla,  where  tlie 
enamel  cap  ia  to  be,  the  cells  of  the  enamel  organ  attain  to 
a  very  considerable  size,  measuring  about  -jJ^  of  an  inch  in 
length ;  below  this  the  investing  cap  of  enamel  organ  does 
not  cease,  but  it  is  continued  in  a  sort  of  rudimentary  con- 
dition. Thus,  although  the  enamel  oi^'an  invests  the  whole 
length  of  the  dentine  papilla,  its  cells  only  attain  to  any 
cooeiderablo  size  opposite  to  the  point  where  the  enamel  is 
to  be  formed.  The  knowledge  of  this  fact  often  enables  an 
obsen'er  to  say,  from  an  inspection  of  the  tooth  germ, 
whether  it  ia  probable  that  the  perfected  tooth  will  be  coated 
with  enamel  or  not.  In  any  case  an  enamel  organ  will  be 
there,  but  if  no  enamel  ia  to  be  formed,  tlie  individual  oella 
do  not  attain  to  any  considerable  degree  of  differentiation 
from  the  epithelium  elsewhere ;  in  other  words,  the  whole 
enamel  organ  will  partake  of  the  chai-acter  of  the  lower 
portion  of  that  represented  in  the  figure  of  the  tooth  germ 
of  the  eel. 

Although  of  course  there  are  many  differences  of  detail 
arising  from  the  very  various  sitnations  in  which  teeth  are 
developed  in  fish,  so  great  uniformity  pervades  all  which 
I  have  examined,  that  we  may  at  once  pass  on  to  the  con- 
sideration of  the  development  of  the  teeth  of  reptiles,  merely 
adding  that  it  is  not  altogether  true  to  say  that  the  teeth  of 
fish  in  their  development  esemplify  transitory  stages  in  the 
development  of  mammalian  t-eeth. 

In  Septiles,  so  far  as  the  appearances  presented  by 
the  individual  germs  go,  there  are  few  differences  worthy 
of  note  to  be  found  by  which  they  are  distinguishable 
from  those  of  either  fish  or  mammals.  Tlie  enamel 
organ  is  derived  from  the  oral  epithelium,  and  the  den- 
tine organ  from  the  submiicous  tissue  in  a  very  similar 
manner ;  nevertheless,  there  are  puints  in  the  reliition  which 


and  by  nothing  else,  which  may  be  called  "area  of  tooth  deve- 
lopment ;"  thia  is  bounded  on  the  one  side  by  the  bone  and 
teeth  which  it  oarriea,  and  on  the  other  by  a  more  or 
less  sharply  defined  wall  of  fibrous  connective  tissue.  In 
the  newt  for  example  (Fig.  61),  to  the  left  of  the  tooth  in 
use  are  seen  four  tooth  sacs,  in  aerial  order,  the  youngest 
being  neiirest  to  the  median  hne  of  the  mouth.  As  the  aaca 
lize  they  appear  to  undergo  a  sort  of  migration 


('}  Section  of  npper  jaw  of  Triton  eristnhia  (nflwt).      To  tho  i 
rf  Ihe  tootli  attached  to  the  bone  ar?  three  younger  tooth  germs. 
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towards  the  edge  of  the  jaw,  while  sinmltaueoualy  new  ones 
are  coiiatautly  being  developed  beyond  them.  lu  the  uewt, 
the  ingrowth  of  the  epithelium  ia  obviously  the  first  step 
apparent ;  this  ingrowth  of  a  process  of  epitheliuiu  takes 
place  in  uloae  relation  with  the  "  neck ''  of  an  older  enamel 
organ  (i.e.,  the  contracted  band  of  epitheliuiu  whidi  remains 
for  some  time  connecting  the  new  enamel  organ  with  the 
epithelium  whence  it  was  derived).  New  enamel  organs  are 
therefore  not  derived  directly  from  the  epithelium  of  the 
surface,  but  from  the  necks  of  the  enamel  organs  of  their 
prcdecesaors. 

In  the  newt,  the  developing  teeth  spread  out  for  a  con- 
siderable distance  towards  the  palate,  and  thus,  being  &ee 
from  crowding,  the  relations  of  the  enamel  organs  of  three 
or  four  succeasioual  teeth  of  serial  ages  may  he  studied  in  &. 
single  section ;  and  the  arrangement  so  disclosed  may  be 
advantageously  compared  with  that  seen  in  the  dog-fish  (see 
Fig.  58). 

The  tooth  sac  of  the  newt  is  a  good  example  of  the  sim- 
plest form  of  tooth  sac,  consisting  solely  of  an  enamel  organ 
and  a  dentine  germ,  without  any  especial  iuvestuaent.  The 
"  sac  "  is  wholly  cellular,' and  on  pressure  breaks  up,  leaving 
nothing  but  cells  behind  it.  The  cells  of  the  enamel  organ 
are  large,  and  resemble  those  of  the  eel ;  t!ie  teeth  of  newts 
have  a  partial  enamel  tip,  like  those  of  the  fish  referred  to, 
but  differing  from  them,  in  being  bifurcated,  as  is  very 
early  indicated  by  the  configuration  of  the  enamel  organ. 

In  the  frog  there  is  a  peculiarity  in  the  manner  in  which 
the  two  jaws  meet,  the  edentulous  lower  jaw,  which  has  no 
lip,  passing  altogether  inside  the  upper  jaw  and  its  sup- 
ported teeth,  and  so  confining  the  area  of  tooth  develop- 
ment within  very  narrow  limits.  Consequently  I  have  been 
unable  to  satisfy  myself  whether  the  new  tooth  germs,  or 
rather  their  enamel  organs,  are  derived  from  those  of  their 
predecessors,  or  spring  np  de  novo ;  analogy  would  indicate 
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the  former,  but  appearances  tend  towai'ds  the  latter  eup- 
positioD. 

In  the  lizards  the  new  tooth  germs  are  formed  a  very  long 
way  beneath  the  atirface,  bo  that  the  neck  of  the  eaamel 
orgoQ  beoumes  enurmouBly  elongated,  for  the  dentine  papilla 
ia,  just  as  in  the  newt,  situated  at  first  quite  at  the  level  of 
the  fl-oor  of  the  area  of  tooth  development.  The  teeth  of 
the  lizards  have  a  more  complete  investment  of  enamel, 
hence  the  enamel  cells  are  developed  upon  the  side  of  the 
dentine  germ  to  a  much  lower  point  than  in  the  uewt.  The 
germs  also  acquire  an  adventitious  capsule,  mainly  derived 
from  the  condensation  of  the  connective  tissue  around 
them,  which  is  pushed  out  of  the  way  at;  they  grow  larger. 
The  further  progress  of  the  tooth  germ  being  identical  with 
that  of  mammalia,  its  description  may  be  for  the  present 
deferred. 

In  ophidian  reptiles  (snakes)  several  peculiarities  are  met 
■with  which  are  very  characteristic  of  the  order.  A  snake's 
method  of  swallowing  its  food  would  seem  to  render  the 
renewal  of  its  teeth  frequently  necessary ;  although  I  do 
not  know  of  any  data  by  which  the  probable  durabdity  of 
an  individual  tooth  could  be  CHtimated,  the  large  number 
of  teeth  which  are  developing  in  reserve,  all  destined  to 
succeed  to  the  same  spot  upon  the  jaws,  would  indicate  that 
it  is  short. 

I  have  seen  as  many  as  seven  successiona!  teeth  in  a  single 
Bection,  and  their  arrangement,  particularly  in  the  lower 
jaw,  which  imdei^oes  great  displacement  while  food  is  being 
swallowed,  ia  very  peculiar.  The  numerous  successional 
tooth  sacs,  instead  of  being  spread  out  side  by  side,  as  in 
the  newt,  are  placed  almost  vertically,  and  in  a  direction 
parallel  with  the  surface  of  the  jaw-bone;  they  ore,  more- 
over, contained  in  a  sort  of  general  investment  of  connective 
t^ue ;  a  species  of  bag  to  keep  them  from  displaoem^t 
during  the  expansion  of  the  month.  ,  -  i,,;; 
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The  inward  growing  procega  of  oral  epithelium  entere  this 
case  of  tuotli  sacs  at  its  top  ;  and  maj  be  caught  sight  of 
here  and  there  as  ita  prolongations  wind  their  way  by  the 
aides  of  the  tooth  saca  to  the  bottom  of  the  area.  Here  the 
fntnilinr  process  of  the  formation  of  im  enamel  orgim  and 


dentine  papilla  may  be  observed,  in  no  essential  point  differ- 
ing from  that  which  is  to  be  seen  in  other  animals. 

That  the  derivation  of  each  enamel  organ  is  from  a  part  of 
that  of  its  predecessor  is  Tery  obvious  ;  the  dentine  organs 
are  formed  in  relation  with  the  enamel  germB,  but  apparently 
independently  ofone  another. 


(')  Transverse  section  of  the  lower  jaw  of  common  English  Snake,  t 
Inward  dipping  process  of  epitlielium.  /.  Oral  (.pLtheliiim,  1,  2,  3,  Jmi. 
Tooth  germs  of  varions  ages.  8,  Tooth  in  place,  out  aomewliflt  obliquely, 
so  that  its  tip  apparently  falU  sliort  of  its  surface,  and  doc^  not  project 
above  the  mucous  membrane. 
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As  the  tooth  gacs  attaia  considerable  dimenBioua,  a  curious 
alteration  iu  positiou  takes  place  ;  instead  of  preaerring  a 
vertical  positiou,  they  become  recumbent,  so  that  the  form- 
ing tooth  lies  more  or  less  parallel  with  the  loug  axis  of  the 


jaw.  The  utility  of  such  an  arrangement  is  obvious  :  were 
the  tooth  to  remain  erect  after  it  has  attained  to  some  little 
length,  its  point  would  probably  be  forced  through  the 
mucous  membrane  when  the  mouth  was  put  upon  the  stretch; 
but  while  it  lies  nearly  parallel  with  the  jaw  no  such 
accident  can  occiir. 

The  tooth  does  not  resume  the  upright  position  until  it 
finally  moves  into  its  place  upon  the  summit  of  the  bone. 

{')  DevBl(ip[ng  teeth  of  a  Snske.  /.  Oral  epithelinni.  e.  Neck  of  the 
annmal  organs.  J.  Dentine  pulp.  c.  Enamel  cells,  d.  Dentine.  1,  2, 
Very  young  germa.    3,  4.  Uldec  germs. 
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As  has  already  been  mentioned,  there  is  a  well -developed 
enamel  organ  with  largo  enamel  cells  :  from  these  a  tliin 
layer  of  enamel  is  formed,  and  thus  the  thin  exterior  layer 
upon  the  teeth  of  snakes  is  true-  enamel,  and  notj  as  bait 
been  usually  supposed,  cementum. 

Many  points  in  the  development  of  tbe  teeth  of  reptiles  I 
have  passed  over  very  briefly  for  tlie  want  of  space  ;  a  more 
fidl  acconnt  of  my  obseFvations  will  be  found  in  the  Philo- 
sophical Transactions  for  1875, 

In  Mammalia  the  earliest  changes  which  will  ultimately 


result  in  the  formation  of  a  tooth  are  traceable  at  a  very  early 
period  ;  before  ossification  has  set  in,  the  lower  jaw  consiat- 
ing  solely  of  Meckel's  cartilage  imbedded  in  embryonic  tissue, 
and  the  lateral  processes  which  become  the  upper  maiillary 
bones  having  but  just  reached  as  far  as  the  median  process 
which  constitutes  tbe  intermaxillary  bone.  That  is  to  say, 
about  the  fortieth  or  forty-fifth  day  (in  the  human  subjeot), 
in  the  situation  corresponding  to  the  future  alveolar  border, 
there  appears  a  slight  rounded  depression,  extending  tbe 
whole  length  of  the  jaw,  it  and  its  elevated  borders  being 

(')  Embyro  at  end  of  fifth  week,  after  Carpenter,  1,  2.  First  two 
.Tisoeral  arohea.  a.  Superior  maxillaij  proreEs.  t.  Tongue,  b.  Eye, 
e.  Lateral  nasofiontal  process,     nf,  IJuBofrontal  procesa. 
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formed  by  an  inoreaae  in  the  thiokneas  of  the  layer  of  epi- 
thelial cells;  while  in  traiiaverao  sections  the  proliferation  of  '  ] 
epithelial  cellj  ia  found  to  have  been  even  more  energetic  in 
a  direction  downwards  into  the  substance  of  the  jaw  than  it 
ia  upwards,  ao  that  a  eal-tle-tae  of  epithelium  dips  into  the 
embryonic  aub-mncoua  tissue,  (') 

In'tt  certain  sense,  then,  there  is  a  dental  groove,  but  it  ia 
not  the  same,  thing  ns  that  described  as  such  in  the  text- 
books, and  it  is  therefore  better  to  abstain  from  applying  that 
or  any  other  name  to  tlie  shallow  furrow  of  which  we  are 
now  speaking,  which  is  almost  filled  up  with  spherical  or 
flattened  cells,  the  deepest  layer  being,  however,  columnar 
cells.  Fi-om  the  bottom,  or  the  aide  near  the  bottom  of  the 
depresaion,  an  inflection  of  epithelial  cells  takes  origin; 
it  does  not  dip  downwards  vertically,  but  inclinea  in- 
wards. This  narrow  inflection  of  epithelium,  which  in 
section  closely  reaemblea  a  tubular  gland,  constitutes  the 
rudiment  of  the  future  enamel  organ  ;  a  prolifemtion  of  the 
cells  at  its  deepest  extremity  speedily  takes  place,  so  that  it 
expanda,  attaining  somewhat  the  form  of  a  Florence  flask 
(Fig.  65).  It  should,  however,  be  noted,  that  while  the  in- 
flection of  epithelium  takes  place  around  the  entire  circum- 
ference of  the  jaw,  so  that  that  which  appears  in  sections 
like  a  tubular  gland  ia  really  a  continuous  sheet  or  lamina  of 
epithelium,  tbe  dilatations  of  its  extremity,  which  I  have 
compared  to  a  Florence  flask,  occur  only  at  tho  several  points 
where  teeth  will  ultimately  be  developed. 

The  cells  upon  the  periphery  are  columnar,  polygonal 
cells  occupying  the  central  area  of  the  enlargement.     Very 

(*)  The  epithelium  hftving  bson  remored  li;  macfratian  or  b;  keeping  a 

le  spirit,  a  groove  would  result,  snil  this  ia  probably  wbat 

a  and  described  bj  Uoodsir  as  tbe   ''primitive  dental   groDra": 

LS.tlie  student  will  gather  from  tbe  teiit,  there  ia  at  no  time  on;  such 

thing  aa  a  deep  open  grooTe  like  that  described  by  liiiu,  unless  it  results 

from  maooraiion  ami  consequent  partial  destruction  o£  the  apecimen. 
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BOOH  the  terminal  enlargement,  as    it   grown  more  deeply 
into  the  jaw,  alters  in  form  ;   its  base  becomes  flattened, 


and  the  borders  of  the  base  grow  down  more  rapidly  than* 
the  centre,  so  that  its  deepest  portion  presents  a  concavity 

(')  Tbree  Etagea  in  the  deTelopment  of  &  mammaliAa  tooth  germ  (afWr 
I'rey).  a.  Oral  epitieliam  heaped  up  over  germ.  b.  Younger  epithelial 
cell».  c.  Dee]!  layer  of  cells,  or  rete  Malpighi.  d.  Inflection  of  epithelium, 
for  enamel  germ.  e.  St«llal«  reticulum.  /.  Dentine  germ.  g.  Inoer 
portion  of  fntnre  tooth  sac.  h.  Outer  portion  of  future  tooth  sac 
i.  VoBWli  out  acroaa.     i.   Bono  of  jaw. 
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looking  downwards;  it  might  be  compared  to  a  bell,  aua- 
pended  from  ttbove  by  the  thin  cord  of  epithelium  which 
still  cotmeots  it  with  tbe  epithelium  of  the  surface,  or  it 
might  in  section  be  descrilwd  aa  ereseentic,  the  horns  of  the 
crescent  being  long,  and  looking  downwards.  Coiuoident 
with  the  assumption  of  this  form  by  the  enamel  germ,  is 
the  appearance  of  the  dentine  genu  ;  but  it  will  fucilitatc 
the  description  of  the  process  to  pursue  a  little  farther 
the  development  of  the  enamel  organ. 

The  cells  on  its  periphery  remain  prismatic  or  columnar, 
but  those  in  its  centre  become  transformed  into  a  stellate 
■network,  in  which  (lonspicuous  nuclei  occupy  the  centre  of 
ramified  cells,  the  processes  from  which  anastomose  freely 
with  those  of  neighbouring  cells  (see  Fig.  66).  This  conver- 
sion of  the  cells  into  a  stellate  reticulum  is  most  mitrked 
quite  in  the  centre  of  the  enamol  organ  ;  near  to  its  surfaces 
the  processes  of  the  cells  are  short  and  inconspicuous,  and  the 
^'wbole  process  strikingly  recalls  the  phenomena  of  colloid 
.degeneration  as  observed  in  certain  tumours. 

The  transformation  of  the  cells  occupying  the  centre  and 
cooatituting  the  bidk  of  the  enamel  organ  into  a  stellate 
Tattoulum  goes  ou  progressing  from  the  centre  outwards,  but 
it  Htopa  short  of  reaching  the  layer  of  columnar  ceils  which 
constitute  the  surface  of  the  enamel  organ,  next  to  the  den- 
tine papilla ;  a  narrow  layer  of  imaltered  cells  which  remain 
l>etween  the  stellate  colls  and  the  columnar  enamel  cells 
oonstitnting  the  "stratum  intermedium." 

Thus  for  all  the  cells  conatitnting  the  periphery  of  the 
enamel  organ  arc  alike  :  they  are  cohimnar  or  prismatic, 
but  from  the  time  of  the  appearance  of  the  dentine  papilla 
those  whicii  come  into  relation  with  it  become  much  more 
elongated  and  greatly  enlarged,  while  those  rouud  the  outer 
or  convex  surface  of  the  enamel  organ  do  not  enlarge'; 
indeed,  according  to  some  authors,  they  eveu  commence  to 
atrophy  at  this  early  period.      The   cells    which    lie   like 
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a  cap  over  the  dentine  germ  or  "  papilia  "  as  they  elongate 
aiid  their  nuclei  recede  to  their  extremitiea,  take  on  the 
character  to  be  preBcutly  descrilied  as  belonging  to  the 
"  enamel  cells,"  (enamel  epithelium,  internal  epithelium  of 
the  enamel  organ). 

The  enamel  organ,  then,  consists  (proceeding  from  with- 
out inwards)  of  an  "  estermil  epithelium,"  a  "  stellate  reti- 
culum," a  "  Btratiim  intermedium,"  and  an  "  internal  epithe- 
lium," the  external  and  internal  epitheba  boiug  coatinuouB 
at  the  edges  or  base  of  the  enamel  organ,  while  at  its  summit 
the  external  epithelium  remains  still,  through  the  medium 
of  the  "  neck  of  the  enamel  organ,"  in  continuity  with  the 
cells  of  the  "stratum  Malpighi." 

Thus  the  enamel  organ  is  entirely  derived  from  the  onl 
epithelium,  with  which,  by  means  of  its  "neck,"  it  lo^ 
retains  a  connection,  so  that  it,  and  whatever  products  it 
may  afterwards  give  rise  to,  are  obviously  to  be  i-et,'arded  as 
"  epithelial  Btructures."  But  it  is  the  enamel  organ  alone 
which  is  directly  derived  from  the  epithelium  ;  the  origin  of 
the  dentine  germ  is  quite  distinct. 

In  the  embryonic  tissue  of  the  jaws,  some  little  distance 
hetieath  the  surface,  and  at  a  point  corresjiondiDg  to  that 
ingrowth  of  cells  and  subsequent  enlai^ment  of  the  same 
which  goes  to  form  the  enamel  organ,  appears  the  first  trace 
of  a  dentine  germ.(')  This  appears  as  a  mere  increase  in 
the  opacity  of  the  part,  without  at  first  any  visible  structural 
change,  and  it  occupies  the  concavity  of  the  enamel  organ. 
Thus  the  dentine  germ  appears  early,  indeed  almost  simul- 
taneously with  the  formation  of  a  definite  eniuncl  organ,  bnt 
the  enamel  organ  is  far  in  advance  of  it  in  point  of  atmctural 

(')  The  term  "dental  papilla,"  altbongh  eminciitly  canrenicnt,  is  aaao- 
ciated  Hith  an  erroneous  feature  of  the  older  views  upon  tooth  develop- 
ment ;  where  it  is  employed  ia  the  following  piiges,  tlio  Etudent  must 
guani  against  tho  luisconteption  that  free  paiiillse  at  any  time  eiist  ta  any 
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djSbrGDtiatioii,  a»d  the  earliest  changes  which  result  in  the 
formation  of  the  enamel  organ  are  strikingly  visible  before  a 
dentine  gtirm  can  bo  diacovcred.  Hence  it  has  been  s\ig- 
geated  that  the  enamel  organ  govems  aod  determinea  the 
ultitoftte  form  of  the  tooth.  According  to  Dursy  the  dark 
hcdo  which  becomes  the  dentine  bulb  is,  like  the  inflection 
of  epithelium  which  forms  the  enamel  germ,  continuous  all 
round  the  jaw,  while  eventually  it  develops  into  prominences 
at  the  points  corresponding  to  the  enamel  germs  of  future 
teeth,  and  atrophies  in  their  interapuces. 

From  the  base  of  the  dentine  bulb  prolongations  pass  out- 
ward and  slightly  upwards,  so  that  they  in  a  measure  embrace 
the  free  edge  of  the  enamel  organ,  aud  at  a  somewhat  later 
period  they  grow  upwards  till  they  fairly  embrace  the  whole 
enamel  organ. 

These  prolongiitiona  of  the  hose  of  the  dentine  bulb  are 
the  nidiments  of  the  dental  sac.  In  tlieir  origin,  therefore, 
the  dental  sac  and  tho  dentine  organ  are  identical,  and 
upring  from  the  submucous  tissue  ;  they  contrast  with  the 
enamel  organ,  which,  as  before  said,  is  derived  from,  the  oral 
epithelium. 

To  recapitulate  briefly  the  facts  which  are  now  establi«hed 
beyond  all  question,  tho  early  miunmaliaa  tooth  germ  con- 
Bists  of  three  parts,  one  of  which,  the  enimiel  organ,  is 
derived  from  the  epithelium  of  the  surface  ;  the  other  two, 
the  dentine  organ  and  the  dental  sac,  originate  in  the  midst 
of  solid  embryonic  tissue  at  a  distance  from  the  surface,  the 
one  is  ecderonic  or  epiblastic,  and  the  other  enderonic. 

The  enamel  organ  is  formed  by  a  rapid  increase  of  cells  at 
the  bottom  of  a  process  which  dips  in  from  the  stratum 
Malpighi  of  the  oral  epithelium  ;  the  dentine  germ  and  the 
dental  sac  are  formed  in  close  continuity  to  this  enamel 
organ  from  the  aubmucous  tissue. 

If  there  were  a  "  basement  membrane  "  demonstrable  in 
the  mucous   tissues  at  this  early  period    (which   there   is 


not)  the  enamel  organ  and  the  dentine  orgau  vould  lie  upon 

the  opposite  sides  of  it 

The  description  of  the  appeonuioe  of  the  several  parts  of 
the  tooth  germ  has  brought  ua  to  the  peritMl  at  which  cal- 
cification first  commencea,  but  before  proceeding  further, 
it  will  be  well  to  examine  more  minutely  the  utructuro 
tliQ  several  organs  in  which  calcification  takes  place. 


ENAUEL  <JIiUAK.  . 


"j^^ 


The  enamel  organ,  as  has  already  been  stated,  forms  a 
cap -like  investment  to  the  dentine  bulb,  and  it  is  itself 
thickest  over  the  apex  of  the  latter,  tliinning  donii  some- 
what as  it  apprftaches  the  base. 

It  is  entirely  surrounded  by  an  epithelial  layer,  which 
upon  the  inner  surface  applied  to  the  dentine  bulb  conaiata 
of  much  elongated  columnar  cells,  and  takes  the  name  of 
iatemal  fpilMium  of  the  enamel  organ,  and  upon  its  outer 
surface  the  name  of  exfemol  e}nt/ielmm  of  the  enamel  organ. 
The  greater  bulk  of  the  enamel  organ  consistB  of  a  stellate 
tissue,  which  passes  gradually  through  the  medium  of  a 
layer  of  rounded  cells,  the  xtratiim  intermedium,  into  the 
enamel  ceUi,  or  internal  epithelium.  The  essential  portion 
of  the  enamel  organ  is  this  layer  of  "  enamel  cells,"  which 
by  their  calcification  give  rise  to  the  enamel,  and  in  lower 
animals,  such  as  most  if  not  all  reptiles,  the  whole  enamel 
organ  is  represented  by  little  else  than  this  layer  of  "  enamel 
cells." 

The  cells  of  the  internal  epithelium  (enamel  cells)  form 
an  exceedingly  regular  and  perfect  columnar  epithelium, 
the  individual  cells  becoming  by  result  of  their  mutual 
apposition  very  symmetrical  hexagons. 

They  are  four  or  five  times  as  long  as  they  are  broad,  and 
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the  nuoleua,  which  is  large  and  oval,  oouupies  that  end 
which  IB  farthest  from  the  dentme.  It  is  aaid  by  Waldejer 
that  the  sides  of  the  cells  only  are  invested  by  membrane, 
the  proto[ila3m  being  without  investment  at  its  two  ends. 

Towards  the  base  of  the  dentine  germ,  where  the  internal 
epithelinm  mergea  into  the  external  epithelium,  the  cells  are 
not  so  much  elongated,  and  they  then  pass  gradually  into 
the  cubical  form  of  theso  latter  cells.  At  their  attached 
■  extremities  the  enamel  cells  are  prolonged  into  processes 


which  are  continuous  with  the  cells  of  the  stratum  inter- 
inedium,  so  that  it  may  fairly  be  concluded  that  the  enamel 
cells,  as  they  are  used  up  in  the  formation  of  enamel,  are 
recruited  from  the  cells  of  this  layer. 

The  "stratum  intermedium"  conaists  of  cells  intermediate 
in  character  between  those  of  the  bordering  epithelium  and 
the  stellate  reticulum  ;  they  are  branched,  but  less  conspicu- 
ously so  than  the  stellate  cells,  with  which  on  the  one  hand 
;hey  are  continuous,  on  the  other  with  the  enamel  cells.  ' 
The  stellate  cells  proper  are  characterised  by  the  great 
length  of  their  communicating  proce^es,  and  the  interspace 
of  the  meshes  is  occupied  by  a  fluid  rich  in  albumen,  so  that 
the  consistence  of  the  whole  is  little  more  than  that  of  jelly; 

(')  UelJa  of  tbe  atellate  retlouliim  of  tlie  enamel  Drgno.     From  Fray's 


0&  the  structure  in  question  constitutes  the  major  part  in 
bulk  of  niammttlian  enamel  organs,  these  Lave  boon  called 
the  enamel  jellies,  or  euamcl  pulps. 

The  fuDction  oud  destination  of  this  portion  of  the  enamel 
organ  is  not  very  clear  ;  enamel  can  be  very  well  formed 
without  it,  03  is  seen  amongst  reptiles  and  lish,  and  even 
in  mammalia  it  disappears  prior  to  the  completion  of  the 
enamel,  so  that  the  external  aiid  internal  epithelia  come  into 
contact.  It  has  been  supposed  to  have  no  more  important 
function  than  to  fill  up  the  apace  suhscqueutly  taken  up  by 
the  growing  tooth.     (See  p.  166). 

The  external  epithelium  of  the  enamel  organ  is  composed 
of  cells  cubical  or  rounded  in  form,  and  is  of  little  interest 
save  in  that  it  is  a  matter  of  controversy  what  becomes  of 
it.  Waldeyer  holds  to  hia  opinion  that,  after  the  disap- 
pearance of  the  enamel  pulp  and  the  stratum  intermedium, 
it  becomes  applied  to  the  enamel  colls,  aud  on  the  comple, 
tion  of  the  enamel  becomes  comified  and  convei-fed  into 
Nasmyth's  membrane.  Kiilliker  and  Legros  and  Magitot 
dissent  from  this  opinion,  the  latter  stating  that  the  atrophy 
of  these  cells  commences  early,  and  that  they  actually  dis- 
appear prior  to  the  complete  atrophy  of  the  organ.  For 
reasons  which  I  have  given  elsewhere,  I  do  not  agree  with 
Waldeyer  in  this  matter,  but  rather  with  Magitot.  The 
external  epithelium  was  seen  by  Nasmyth,  Hiisley,  and 
Guillot,  but  it  was  not  very  fully  described  until  investigated 
by  Robin  and  Magitot. 

So  simple  a  matter  as  the  vascularity  or  non-vascalarity 
of  the  enamel  organ  is  not  yet  settled  ;  Wedl  asserts  that  it 
contains  no  vessels,  Magitot  and  Legros  sharing  this  opinion; 
Xavier  Sudduth  has  failed  uniformly  to  detect  vessels  in  it, 
but  Dr.  Liouel  Beale,  on  the  other  hand,  states  that  a 
vascular  network  lies  in  the  stratum  intermedium,  and  this 
is  confirmed  by  Professor  Howes  and  Mr.  Poulton  in  the  rat. 
The  inner  surface  of  the  enamel  organ,  where  it  is  applied 
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to  the  dentmo  hulb,  preaenta  a  perfectly  smooth  outline,  hut 
itB  oulur  surfiice  is  indented  by  nnmerous  papillary  projeo- 
tiona,  into  whith  tnter  blood  vttasels  of  the  dental  aaocnluB 
These  papillw  ure  homologous  with,  and  contnmona  with 
those  of  the  gnni  they  miy  sometimes  be  traced  along  the 
neck  of  tilt  en  unci  germ,  and  it  is  believed  that  they 
e\erci80   an   irapoitant  influence    on  the  formation  of  the 

Fiji    07  f'| 
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enamel,  to  which  I  shall  again  recur ;  but  their  existence  is 
denied  by  Dr.  Suddiith  during  the  active  period  of  the  organ. 
The  narrow  attenuated  line  of  cells  by  which  the  enamel 
organ  retains  its  connection  with  the  stratum  Malpighi, 
whence  it  was  derived,  varies  much  iu  length  and  direction 
in  different  animals ;  in  man  it  ia  short  and  straight ;  in 
the  calf  it  ia  larger,  and  undulates  in  its  course.  It  does 
not  remain  quite  that  simple  line  of  cells  of  which  it  con- 
«sted  when  first  formed,  but  varicosities,  made  up  of  poly 
tedral  cells,  bud  out  frum  it. 

(')  Dentnl  germ  of  temporary  tootL  of  nn  AnnftJillo,  ahoiving  its  enamel 
jnamcl  germ  of  the  BUCoeasbiiLiI  i>erniaiciit  tuoth  to  tho 
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Maln-ssez  insiata  much  upon  the  Bignificance  of  rem- 
natitB  of  epithelium  left  after  the  atropliy  of  the  enamel 
organ';  some  of  these  he  lielieves  thitt  he  hiia  found  i] 
iilveolo-dental  menibrime.     This  is  confirmed,  eis  to  develoi 

Fio.  68  (' 
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ing  teeth,  by  Yon  Brunu,  Artliiv  f.  Mik.  Anat,  Bd.  xxii.,  who 
BtatCH  tliat  in  rodents  the  enamel  organ  extends  far  down, 
in  fact,  the  whole  length  of  the  roots,  and  figures  the  fibrea 
of  the  aWeolo-dental  penoatenm  as  growing  through  it  to  take 
hold  of  the  cementum ;  but  it  seems  possible  that  these  cells 
are  the  same  which  are  by  Dr.  Xavier  Sudduth  held  to  be 
portions  of  a  lymphatic  system. 

The  origin  of  the  dental  germs  of  the  permanent  teeth 
remains  to  be  described  :  the  twenty  teeth  which  have 
deciduous  predecessor   being  derived   from    ports   of  the 

(')  From  the  apper  jaw  of  a  kitten  about  the  time  d{  birth,  a.  Oni 
epithelium,  h.  }ione  of  jaw.  c.  Neck  of  enamel  organ,  d.  Dentine 
popilla.  t.  Enamel  tells.  /.  Stellate  reticniiini.  Ik.  Tooth  germ  ot  the 
permanent  tooth,  the  enamel  or^n  of  which  is  derived  from  tlie  nack  of 
that  of  its  predecessor. 
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germa  of  these,  the  twelve  true  molars  baviug  a  distinct 
<Higin.  About  the  siiteenth  week  nf  intra-uterinc  life,  from 
the  neck  of  cella  wliiuli  connects  the  enamel  organ  of  the 
temporary  enamel  germ  with  the  Btriitum  Malpighi,  there 
bnda  out  a  Becoudary  iufleetion  of  epithelium,  similar  in 
appearance  to  the  first  ruiliment  of  the  enamel  germ  of 
the  milk  tooth ;  it  passes  down  to  the  inner  side  of  the 
temporary  tooth  hoc,  and  by  imdergoing  a  aeries  of  changes 
in  all  reapectB  analogous  with  those  resulting  in  the  forma- 
tion of  the  temporary  tooth  germ,  gives  rise  to  the  perma- 
nent tooth  germ. 

The  preceding  figure  (Fig.  68)  represents  the  enamel  germ 
for  a  jwrnmnent  tooth  bud<Iing  off  from  the  neck  of  the 
enamel  organ  of  the  temporary  tooth.  Many  diH'erencea  of 
detail,  such  na  the  point  at  which  they  arise,  the  depth 
to  which  they  penetrate  into  the  siirronndiug  parts,  and 
other  siich  characteristics,  exist  not  only  between  the  germa 
ef  teeth  of  different  animals,  but  even  between  those  of 
teeth  situated  in  different  parts  of  the  mouth  of  the  same 
animal,  so  that  but  little  importance  is  to  be  attached  to 
them. 

I  am  indebted  to  Mr.  J.  Andrew  for  a  photograph  of  this 
flection  takeu  from  the  upper  jaw  of  a  fcetus  four  or  five 
months  old,  which  shows  the  origm  of  the  germs  of  the  six- 
jear  molar  well. 

At  the  lefl-hnnd  side  of  the  figure 'is  seen  the  germ  of 
the  first  temporary  molar,  next  that  of  the  second  temporary 
molar,  whilst  from  this  ia  given  off  the  enamel  organ  of  the 
*is-year  permanent  molar. 

Thus  the  second  temporary  molar  germ  gives  off  two  off- 

tfl,  the  one  directed  to  its  inner  side,  which  goes  to  form 
the  germ  for  the  second  bicuspid,  and  one  directed  back- 
wards for  the  six-year  old  molar.  From  this  again  will  lie 
given  off  the  germ  for  the  second  molar,  and  from  that  the 
germ  for  the  wisdom  tooth. 
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The  gemi  of  tho  second  permaiieut  moliir  is  believed  \ 
originate   about  the    third  month  after   birtli,   whilst  ( 


enamel  germ  of  the  wisdom  tooth  succeeds  after  &  I 
longer  iutcrval,  i.e.,  about  the  third  year  (Miigitot). 


Destine  Organ. 

The  dentine  germ,  or  dentine  bulb,  of  which  tlie  origin 
has  been  already  described,  at  first  was  nothing  more  tljan 
a  part  of  the  mjxomutous  tissue  of  the  jaw  which  had  become 
more  rich  in  vessels  and  cells  than  other  neighbouring  parts, 
but  did  not  present  any  structures  essentially  different  from 
those  found  around  it.  It  very  speedily  assumea  the  form 
of  the  apex  of  the  future  tooth,  becoming,  if  it  be  a  canine, 
simply  conical,  if  a  tooth  with  two  cusps,  bicuspid ;  and 
coincidently  with  these  changes  tho  layer  of  cells  forming 
its  surface,  which  is  in  close  relation  with  the  enamel  cells, 
becomes  diiferentiated  from  the  parts  beneath  it. 

These  colls,  which  become  dentine  by  their  calcificatieo, 
form  a  very  distinct  layer,  which,  after  tho  commencement 

(')  Fcoia  upper  jaw  of  human  fetus,  Longiwilinfl!  apction.  Mr.  Andrew's 
Bpeclmcn.  a.  Genu  of  first  temporary  molar,  i.  Ocrm  of  seooud  tem- 
porarj  molar,  o.  Cord  and  germ  for  6-jcur  permanent  molar.  Thia  figure 
hu  lieen  lettered  upside  dowi. 
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of  calcificatiun  adheres  more  stronj;ly  to  tha  formed  cap  of 
dentine  than  to  the  rest  of  the  pulp,  and  so  la  often  pulled 
fli\a>  with  the  former  when  the  two  aie  separated;  hence 
this  layer  of  cells  liiib  obtained  the  name  of  '  membrana 
*boria,  or  membrane  of  the  ivory ,  but  the  student  must 
licware  of  falling  into  the  mistake  of  supposing  that  it  really 
18  1   '  niembrinc  '  proporh  ho  cnllcd 


■  Before  entering  upon  a  detailed  description  of  the  trans- 
formation which  the  various  cells  undergo  in  their  con- 
version into  enamel,  dentine,  or  cementum,  it  will  not  be 
out  of  place  to  say  a  few  words  relative  to  the  process  of 
oaloification  generally. 

(')  Tooth  sac  of  a  calf,  a.  Tooth  sac.  a'  a:  Ita  outer  and  micidla 
[xniioiiii.  b.  Stellato  cells  of  enamel  organ,  c.  External  epithelium  of 
enamel  organ,  d.  Internal  epithelium  of  enamol  organ,  e.  Odontoblasts. 
f.  Dentine  bulb  in  papilla,  g.  VeBsela  in  dentine  bulb.  i.  Points  where 
sac  becomes  fused  with  the  base  of  the  dentine  papillEi. 
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But  before  doing  bo  it  may  perhaps  assist  ths  atadent,  who  may 
be  perpleiod  in  endeavonrlnp;  to  reconcile  tiie  slaterocntu  of  various 
authore,  to  (five  a  auecinct  history  ot  the  views  from  time  to  time 
eet  forth.  {') 

Before  tlie  time  of  G'oodsir  (18^8),  the  development  of  the  teeUt 
was  desorihed  by  Rasthkow  nomewhat  vaguely  a*  proceedint:  under- 
neath the  mucous  membrane  ;  he  did  not,  however,  trace  out  in 
what  precise  manner  the  several  parts  of  the  tooth  germ  oiigiiiat«d. 
The  papers  of  Goodsir  giving,  in  the  place  of  somewhat  vague  and 
general  notions,  a  very  definite  and  intelligible  deecription  o(  ab- 
servations,  was  accepted  without  qnestion  by  most  anatomists,  if 
not  by  all.  Accordingly  we  find  in  all  the  test-ljoolts  at  and  after 
that  period,  and  in  some  even  at  the  ^iresent  day,  the  desoriptiaii 
given  by  Goodsir  reproduced  almost  without  alteration,  so  that  it 
will  be  worth  while  to  briefly  relate  what  his  views  were. 

He  believed  that  at  an  early  period  in  ftetal  life  there  appeared 
a  continuous  open  groove,  running;  round  the  whole  oircumference 
of  the  jaws ;  that  from  the  bottom  of  thiii  groove  there  arose  iso- 
lated and  micovered  pii]>illa3,  corrcBpondiug  in  number  to  the  miUc 
teeth  ;  that  these  papilla!  became  covered  in  by  the  deepening  of 
the  [^roove  and  the  meeting  of  its  two  edges  over  their  tops,  whilst 
at  the  same  time  transverse  septa  were  formed,  so  that  the  several 
papillae  became  enclosed  in  their  own  aeporate  follicles.  With  the 
details  of  the  process  as  described  by  him  we  are  not  concerned ;  it 
will  sufGce  to  remember  that  he  distinguished  the  four  stages : 
a  primitive  dental  gioove,  a  papillary  stage,  a  follicular  stage, 
and  an  eruptive  stage  (the  latter  of  course  at  a  lon^r  subsequent 
period). 

Not  only  were  these  views  accepted  quite  without  question,  hut 
they  were  even  extended  to  esplain  the  development  of  the  teeth 
in  Reptiles  and  Fitches,  and  thus  in  the  Odontoirraphiea  of  Professor 
Owen  and  Professor  Giebel  may  be  found  accounts  of  the  develop- 
ment of  the  teeth  in  reptiles  and  fish  which  are  perfectly  in  accord 
with  Groodsij's  theory,  but  which  in  fact  are  far  more  inaccurate 
than  the  some  theories  were  as  applied  to  manunalian  teeth. 

Even  so  careful  a  writer  as  Professor  Huiley,  who  was  the  first 
to  point  out  that  these  stegea  really  did  not  exist  either  in  the  &og, 
the  mocherel,  or  certain  other  fish,  accepted  them  without  question 
aa  tme  of  mammalia.    Marcusen  (^)  {iHi9)  gave  upon  the  whole  a 

(')  After  the  present  summary  had  been  partly  prepareii,  the  author 
met  with  the  very  eiceJlent  ritumi  given  by  Messrs.  Legros  and  Magitot, 
from  which  he  has  received  mnch  ossislaiice. 

(')  lathe  riiutni  given  by  Messrs.  Legroa  and  Magitot,  before  refeired 
to,  due  credit  is  not  given  to  the  papers  of  Marcusen  anrt  Huxley  (184B, 
1854)  (although  they  are  alluded  to),  and  it  appcare  to  me  that  too  much 
U  given  to  that  of  Katalis  Quillot  (185S). 
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acnoant  of  the  prooeaa,  referring-  the  enamel  to  the  oral  epi- 
theliom,  and  Pi-ofessor  Huilej  (1854),  whilst  demonstrating'  that 
the  atatfe  of  free  papillae  was  not  to  bs  found  in  certain  fish  and 
reptiles  (a.  foot  also  made  out  in  the  newt  hj  Dr,  Beale).  cleaTlj  and 
strongly  enpressed  the  same  view  ee  to  the  orijrin  of  the  enamel 
organ,  and  hence  of  the  enamel.  And  whilst  regretting  that  theii 
hold  upon  the  minds  of  anatomists  has  been  so  atroni;  as  to  en- 
oonrage  deductions  therefrom  BOing  wider  and  wider  of  the  mark,  I 
would  not  he  understood  to  set  small  value  upon  the  observationn 
of  Arnold  and  Qoodsir.  Thej  were  a  great  step  in  advance,  and 
were  oa  accurate  as  the  methods  of  inrestigation  then  in  use  would 
allow  of :  moreover,  the  error  in  ohaervation  is  very  easy  to  account 
(or,  OS,  the  epithelium  having  peeled  off  ae  a  result  of  decomposition, 
or  the  use  of  weak  spirit,  the  state  of  thing's  left  does  not  widely 
differ  from  that  described  by  Goodair, 

The  subject  rested  for  many  years  without  further  advances,  bat 
in  1863  Professor  Kolliker  demonstrated,  beyond  all  cavil,  the  real 
origin  of  the  enamel  org-oa  and  its  relations  to  the  oral  epithelium, 
the  dentine  organ,  and  the  dental  sac. 

His  views,  substantially  correct,  have  been  elaborated  by  Wal- 
deyer,  KoUmanUi  Herts.  Lefros  and  Magitot,  Wedl,  and  others,  but 
only  in  minor  particulars  have  they  been  modified. 

The  development  of  the  teeth  of  reptiles  was  found  by  a  pupil  of 
M.  KolUker's,  M.  Sonti  Sirena.  to  have  several  features  in  accord 
■with  that  of  mammdlian  teeth;  my  own  researohes  on  the  teeth  of 
Batraohia  and  Fish  and  Reptiles,  elsewhere  detailed,  have  proved  a 
etrilditg  geue^rul  similarity  in  the  process  throughout  the  vertebrate 

Bental  FoUicIs. — In  the  foregoing  account  little  men- 
tion haa  been  made  of  the  tooth  follicle  or  tiaaue  forming  a 
capBule-liks  iuvGstment  around  the  dentine  germ  and  etuimel 
organ.  At  n,n  early  period  of  development  the  tissue  form- 
ing the  dentine  papilla  of  a  mammnliiui  tooth  is  seen  to  bo 
■prolonged  ontwnrda  and  upwards  from  its  base  (see  h  in 
Fig.  65} ;  these  processes  appear  to  grow  rapidly  upwards, 
i  to  embrace  the  enamel  organ ;  but  whether  this  is 
really  so,  or  whether  it  is  merely  that  the  ill-defined  tissue 
in  which  the  dentine  forming  organ  has  itself  originated  is 
in  this  region  also  becoming  more  pronounced,  it  is  hard  to 
say  ;  probably  the  latter  is  the  more  tnie.  This  up-growth 
from  the  base  of  the  dentine  papilla  ia  the  iirst  appearance 
I  special  dental   sacculus,  which  ia  thus  derived  from 
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Bourcea  identical  with  that  of  the  formative  orgtm  of  the 

dentine. 

While  these  changes  are  going  on,  the  tooth  sao  U  becoming 
lodged  in  a  widely  open  gutter  of  bone,  ivbich  i»beingrupidlj' 
formed  at  its  sideij  and  under  its  base.  If  at  this  stage 
(see  Fig,  71)  the  gum  lie  stripped  off  the  jaws,  the 
developing  tooth  capaulea  are  torn  off  with  it,  and 
are  iuBeparaHe  from  it  except  by  ai^tual  cutting,  thus 
leaving  the  gutter  of  bone  quite  hare  and  empty.  In  fact 
the  capsule  or  sac  wliich  encloscB  the  tooth  germ  consiata  of 
almost  the  whole  of  the  connective  tissue  which  intervenes 
between  the  special  dentine  and  enamel  gcrnia  and  the  bone, 
which  latter  is  originating  deep  in  the  tiasuea  and  indepen- 
dently of  the  periosteum,  which  is  not  yet  differentiated. 

In  the  first  instance  the  follicle  wall  is  only  distinguished 
from  the  connective  tissue  cateniul  to  it  by  being  aomewhat 
richer  in  cells,  vessels,  and  fibrillar  elements  ;  l>eing,  in  fact, 
more  condensed  or  more  compact.  The  sacs,  when  at  their 
fullest  development,  are  divisible  into  two  layers,  an  out^ 
thin  firm  wall,  and  an  inner  looser  tissue,  not  very  dense.  At 
the  base  of  the  tooth  sac,  the  follicle  wiUl  is  not  separable 
nor  distinguishable  from  the  base  of  the  dentine  papilla 
with  which  it  blends.  The  follicle  wall  is  richly  vascular  ; 
and  over  the  surface  of  the  enamel  organ  it  is  prolonged 
inwards  in  the  form  of  villous  or  papilliform  emiuoncea  (8 
in  Fig.  71),  projecting  into  the  extei-ual  e]iithelium.  of  the 
enamel  oi^an  ;  to  these  prominences,  which  are  analogona  to 
the  papillre  on  the  free  surface  of  the  gum,  some  authora 
attach  much  importance,  as  having  an  iutluence  upon  the 
direction  of  the  enamel  prisma,  and  so  regulating  the 
pattern  formed  ;  but  this  view  is  by  no  means  universally 
accepted.  The  internal  or  softer  and  looser  portion  of  the 
follicle  wall,  which  has  a  consistency  but  little  firmer  than 
that  of  the  stellate  reticulum  of  the  enamel  organ,  ia  nauch 
developed  in  Ruminants,  where  there  is  to  be  a  deposition 
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of  coronal  cement.  This  difiereiititition  of  a  portion  of  the 
dental  sac  is  thought  by  Meaars.  Legroa,  Itobin,  and  Magitot 
to  be  Bufficiently  pronounced  to  justify  its  designation  aa  a 
distiDCt  "  cement  organ." 


The  Cement  Obg.\s. 

Cementnin  is,  according  to  these  authors,  developed,  juat 
6a  bone  is,  in  two  distinct  methods. 


Fio.  7!  (>}. 
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Where  it  is  not  to  be  very  thick,  and  is  to  clothe  roots, 
the  ossification  takes  place  in  membrane  (the  alveolo- 
dental  periosteum),  but  where  it  is  to  form  a  thick  layer 
over  the  crown,  as  in  lluminants,  a  cartilaginous  cement 
organ  is  formed,  and  we  liave  a  calcihcatiou  analogous  to 
formation  of  bone  in  cartilage. 

Thus  the  cement  organ  is  found  in  those   animals  only 

(')  Cameiit  organ  of  a  call  (after  Magitot).  a.  Fibroid  matrix 
.  CuiilngG  cdIIb  and  capsules. 
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which  have  coronal  cement,  aiich  as  the  Horliivora.  In  n 
calf  embryo  about  the  time  that  dentine  calcification  is 
cmnmenced,  there  mn^y  be  diatiiig^iishcd  beneath  the  follicle 
irall  and  n.bove  the  enamel  organ  a  greyish  layer  of  tinaue, 
thick  enough  to  be  distinguiflhable  with  the  naked  eye,  and 
of  firmer  conflistcnce  tlian  the  enamel  organ,  from  which  it 
also  ditfen  in  being  richly  vaacular. 

But  though  it  exists  at  this  early  period,  it  is  not  till 
Inter,  when,  after  the  completion  of  the  dentine  and  enamel 
immediately  beneath  it,  its  own  function  is  abont  to  come 
into  play,  that  it  attains  to  its  characteristic  structure. 
This  M.  Magitot  designates  as  fibro-cartilaginona,  as  there 
appear  in  it  characteristic  cartilage  cells  or  chondroplasts, 
contwning  one,  two,  or  rarely  three  cells,  «hich  hare 
spherical  or  ovoid  nuclei. 

In  those  creatures  which  have  cementum  upon  the  roots 
of  the  teeth  only,  no  special  cement  organ  exists,  but  osteo- 
blasts which  calcify  into  cementum  are  furnished  by  the 
tooth  sac. 

It  is  said  that  the  inner  layer  of  the  tooth  sac  is  concerned 
in  the  formation  of  the  cement ;  that  the  outer  layer,  con- 
jointly with  the  surrounding  connective  tissue,  is  converted 
into  the  alveolo-dental  periosteum,  but  I  cannot  myself 
recognise  the  justice  of  this  distinction  in  practice.  In 
human  teeth  the  parts  of  the  follicle  wall  or  sac  cease  to  be 
distinctly  distinguishable  at  a  comparatively  early  period, 
and  their  importance  is  not  such  as  to  call  for  very  detailed 
description. 

Another  structure,  once  thought  important,  and  now 
known  to  be  a  mere  bundle  of  dense  fibrous  tissue,  is  the 
"  ffuliemamliim."  The  permanent  tooth  sacs,  during  their 
growth,  have  become  invested  by  a  bony  shell,  which  is 
complete,  save  at  a  point  near  their  apices,  where  there  is  a 
foramen.  Through  this  foramen  passes  a  thin  fibrous  cord, 
very   conspicuous   when   the  suirounding   bone   is    broken 
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away,  which  is  cnJlod  the  '^  gvhemaadum,"  from  the  notions 
entertained  by  the  older  anatomista  that  it  was  concerned 
recting  or  eB'octing  the  eniption  of  the  tooth.  The 
gubemacula  of  the  front  permanent  tooth  sacs  perforate 
the  atveolua  und  blend  with  the  gum  behind  the  necks  of 
lOrreaponding  milk  teeth  ;  tlioae  of  tlie  bicuspids  unit- 
tith  the  periosteum  of  the  alveoli  of  their  deciduous 


A  tissue  is  said  to  be  "  calcified  "  when  the  organic  struc- 
tures of  which  it  is  composed  are  hardened  and  stiffened  by 
impregnation  with  salts  of  lime.  The  impregnation  with 
lime  salt  may  go  on  so  far  that  the  reaidual  organic  matrix 

reduced  to  a  very  small  proportion,  as  ia  exemplified  in 
the  case  of  adult  enamel,  in  which  the  oi^anic  conatituentB 
make  up  only  from  one  to  three  per  cent,  of  the  whole,  so 
that  practically  the  enamel  wholly  disappears  under  the 
influence  of  an  acid ;  or  the  organic  matrix  may  persiat  in 
BufGcient  quantity  to  retain  its  structural  characteristica 
after  the  removiU  by  solution  in  au  acid  of  its  salts,  as  ia 
the  case  with  dentine,  bone,  aud  cementum.  There  are 
two  ways  iu  which  a  calcified  structure  may  be  built  up  : 
the  one  by  the  deposition  of  the  salts  in  the  very  substance 
of  a  formative  organ,  which  thuH  become  actually  converted 
into  the  calcified  structure ;  the  other  by  a  formative  ot^an 
shedding  out  from  its  surface  both  the  organic  and  inorganic 
oonatituents,  and  thua,  so  to  speak,  excreting  the  resultant 
tissue. 

An  example  of  the  latter  method  is  to  be  found  in  the 
shells  of  many  mollnaks,  in  which  the  mantle  secretes  the 
shell,  and  ia  able  to  repair  frueturea  in  it,  without  itself 
undergoing  any  apparent  alteration ;  wliile  the  formation  of 


dentine,  bone,  and  enamel  (')  are  examples  of  calcification 
by  conversion. 

The  insoluble  salts  of  lime  are  altered  in  their  behaviour 
by  nsaociation  with  organic  compounds,  a  fact  which  was 
first  pointed  out  by  Kainie,  and  hjia  been  more  recently 
worked  out  by  Professor  Harting  and  Dr.  Ord. 

If  a  solution  of  a.  soluble  salt  of  lime  be  slowly  miied 
with  another  solution  capable  of  precipitating  the  lime,  the 
resultant  liino  salt  will  go  down  as  an  amorphous  powder, 
or,  under  some  circumstances,  in  minute  crystals.  But  in 
the  presence  of  gelatine,  albumen,  and  many  other  organic 
compounds,  the  form  and  physicid  character  of  the  lime 
salts  are  materially  altered,  and  in  the  place  of  an  amorphous 
powder  there  arc  found  yarious  ciu-ioua  but  definite  forms, 
quite  unlike  the  character  of  crystals  produced  without  the 
intervention  of  the  organic  substance. 

S[r.  Rainic  found  that  if  calcium  carbonate  be  slowly 
formed  in  a  thick  aobition  of  mucilage  or  albumen  the  re- 
s\Utant  salt  is  in  the  form  of  globules,  laminated  in 
structure,  so  that  the  globules  may  bo  likened  to  tiny  onions ; 
these  globules,  when  in  contact,  becoming  agglomerated  into 
a  single  laminated  mass,  it  appearing  as  if  the  laminto  in 
inimediate  apposition  blended  witli  one  another.  Globular 
masses,  at  one  time  of  mulberry-like  form,  lose  the  in- 
dividuality of  their  constituent  smaller  globules,  and  tiecome 
smoothed  down  into  a  single  mass  ;  and  Mr.  Rainie  suggests 
as  an  explanation  of  the  laminated  structure  that  the  smaller 
masses  have  accumulated  in  concentric  layers  which  have 
subsequently  coalesced ;  and  in  the  substitution  of  the 
globidar  for  the  amorphous  or  crystalline  form  in  the  salt 
of  lime  when  in  contact  with  various  organic  substances, 
Mr.  Rainie  claimed  to  find  the  clue  for  the  explanation  of 
the  development  of  shells,  teeth,  and  bono.     At  this  point 

e  formfttion  of  tl.8 
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Frofeseor  Halting  took  up  the  investigation,  and  found  tbat 
other  salta  of  lime  would  behave  in  a  almilar  manner,  aud 
that  by  modifying  the  condition  of  the  experiment  very 
Tarious  forms  (')  might  be  produced.  But  the  moat  im- 
portant addition  to  our  knowledge  made  by  ProfesBor 
Harting  lay  in  the  very  peculiar  constitution  of  the  "calco- 
Bpherites,"  by  which  uame  he  deatgnat«d  the  globular  forms 
seen  and  described  by  Rainie.  That  these  are  bidlt  up  of 
concentric  lamina)  like  an  onion  has  alreiuly  been  mentioned, 
and  Mr.  Kainie  was  aware  that  albimieu  actually  entered 
into  the  composition  of  the  globule,  since  it  retained  its 
form  even  after  the  application  of  acid. 

But  Professor  Harting  has  shown  that  the  albumen  left 
behind  after  the  treatment  of  a  calcospherite  with  acid  is 
DO  longer  ordinary  albumen  ;  it  is  profoundly  modified,  and 
has  become  exceedingly  resistant  to  the  action  of  asids, 
alkalies,  and  boiling  water,  and  in  fact  resemUes  cbitine, 
the  substAnce  of  which  the  hard  skins  of  insects  consist 
rather  than  any  other  body. 

For  this  modified  albumen  he  proposes  the  name  of 
"  calcoglobulin,"  as  it  appears  that  the  lime  is  held  in  some 
sort  of  chemical  combination,  for  the  Inst  traeos  of  lime  are 
Tetained  very  obstinately  when  calcoglobulin  is  submitted  to 
"the  action  of  acids. 

The  "  calcospherite,"  then,  has  a  true  matrix  of  ealco- 
^globulin,  which  is  capable  of  retaining  its  form  and  structure 
xtfter  the  removal  of  the  great  bulk  of  the  hme. 

Now  it  is  a  very  suggestive  fact  that  in  the  investigation 
of  calcification  we  constantly  meet  with  structures  remark- 
able for  their  indestructibility  :  for  example,  if  we  destroy 
the  dentine  by  the  action  of  very  strong  a<;ids,  or  by 
■variously  contrived  processes  of  decalcification,  putrefaction, 
&C.,  there  remains  behind  a  tangled   mass   of  tubes,  the 

(')  ThuB    he    waa    sudcesafnl  in   ai-tificiaily  producing    "  dnmb-bell " 
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"  dentinal  aheftths "  of  Xeumaiui,  which  are  really  the 
immediate  walls  of  the  dentinal  tubes. 

Or  if  bone  be  disintegrated  by  certain  methods  there 
remain  behind  large  tubes,  found  to  be  the  liniugs  of  the 
Haversiun  canals  (Kiillikcr),  and  saall  rounded  bodies, 
recognisable  oa  isi.lated  laciinw  ;  and  in  the  cutionia  dentis 
we  have  another  excellent  example  of  this  peculiarly  inde- 
structible tissue. 

In  point  of  fact,  ns  will  be  better  seen  after  the  dcTelop- 
ment  of  the  dental  tisane  has  been  more  fully  described,  on 
the  borderland  of  calcification,  between  the  completed  fully 
calcified  tissue  and  the  formative  matrix  as  yet  unimpreg- 
nated  with  lime,  there  very  constantly  exists  a  stratum  of 
tissue  which  in  its  physical  and  chemical  properties  very 
mucfi  resembles  "  calcoglobnlin." 

It  should  also  he  noted  that  globular,  spherical  forms  are 
very  constantly  to  be  seen  at  the  edges  of  the  thin  cap  of 
forming  dentine,  and  may  be  also  traced  in  and  around  the 
interglobular  spaces  (see  Fig.  35} ;  moreover,  isolated 
spherules  of  lime  salt  have  been  described  by  Messrs.  Robin 
and  Magitot  as  occurring  abundantly  in  the  young  pulps  of 
human  teeth,  as  well  as  those  in  the  herbivora,  where  their 
presence  was  noted  by  Hcnle ;  perhaps  all  deposit  of  lime 
Halts  commences  in  this  way. 


Calcification  op  the  Enameu  B 

Although  the  calcification  of  the  dentine  commences 
before  that  of  the  enamel,  it  will  be  convenient  to  describe 
that  of  the  enamel  first,  as  being  a  somewhat  simpler  and 
more  easily  intelligible  process. 

As  has  already  been  mentioned,  I  am  distinctly  of  opinion 
that  the  enamel  is  formed  by  the  actual  conversion  of  the 
cells  of  the  enamel  organ  into  enamel,  but  aa  this  view  is 
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JRot  held  bv  all  who  have  written  upon  the  subject,  I  will 
first  mention  the  alteniative  theory,  namely,  that  the  enamel 
fa  in  some  sense  Boi^reted  or  shed  out  by  these  uells.  In 
(upport  of  this  latter  theory  the  names  of  no  less  authoritie 
tiian  Professor  Huxley,  Kiilliker,  Wenzel,  and  Magilot,  may 
be  adduced,  but  the  groundw  on  which  their  decisions  are 
based  are  appearaucos  susceptible  of  a  different  iuterpreta- 
Ijon.  KoUiker  considers  that  the  cells  do  not  undergo  any 
Sirect  conversion,  but  that  the  enamel  is  shed  out  from  the 
teida  of  the  enamel  oells,  the  enamel  fibres  therefore  corre- 
sponding in  size  and  being  continuous  with  the  enamel  cells 
*hence  they  were  shed  out. 

The  cells  would  thus  elaborate,  and  so  to  apeak,  piaster 
tm  fix>m  their  free  ends  the  material  in  question  upon  the 
tfready  formed  enamel,  they  themselves  retaining  their  own 
integrity.  lu  support  of  this  view  may  be  cited  the  close 
(esembluuce  in  the  resultant  products  in  the  case  of  enamel, 
knd  of  the  shells  of  certain  uiollusks,  say,  for  esaraple.  Pinna, 
[n  the  cflflo  of  the  mollusk  the  shell  is  formed  intermittently 
liy  the  margins  of  the  mantle,  which  are  closely  applied  to 
it,  but  are  at  any  time  separable,  so  that  it  is  difficult  to 
luppose  that  any  converHion  of  its  constituent  cells  cau  take 
alace ;  but  it  would  rather  seem  certain  that  something 
Bust  be  shed  out  from  their  ends,  which  is  hardened  by  the 
^position  in  or  with  it  of  lime  salts.  The  shell  of  Pinna 
pontainB  so  large  an  amount  of  organic  matter  that  its  struc- 
Wre  ifl  retained  even  after  the  i-emoval  of  the  lime  by  means 
M  an  acid,  and  it  is  conceived  that  the  cells  of  the  mantle 
W  at  work,  like  so  many  bees  plastering  wax  upon  a  honey- 
lomb,  elaborating  and  plastering  on  their  products  so  that 
IkcIi  one  builds  on  to  its  own  prism  and  retains  for  this  its 
bdividuality. 

But  whether  the  enamel  cells  manufacture  something  which 
fcey  shed  off  from  their  ends,  or  are  themselyea  converted 
ttto  hard  tissue  by  the  deposition  of  lime  within  their  own 
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substance,  no  one  doubts  that  they  preside  over  the  process, 
and  determine  the  form  of  the  result. 

Professor  Huxley's  reason  for  doubting  the  direct  cou- 
version  of  the  enamel  cells  into  enamel  was  that  a  membrane 
could  bo  raiBed  from  the  surface  of  growing  enamel,  at  any 
period  of  its  development,  by  the  use  of  acid  reagents,  this 
membrane  necessarily  intervening  between  the  formed 
enamel  and  the  enamel  cells;  hence  he  denied  that  the 
enamel  organ  contributed  in  any  way  directly,  though  it 
might  indirectlj-,  to  the  development  of  the  enamel. 

To  the  nature  of  this  "membrane  "  I  ahull  have  again  to 
refer,  so  that  for  the  present  it  will  suffice  to  say  that  the 
structure  in  question  cannot  be  demonstrated,  and  in  fact 
has  probably  no  existence,  prior  to  the  use  of  the  reagent. 

The  cells  of  the  internal  epithelium  of  the  enamel  organ 
or  enamel  cells  have  been  already  in  some  measure  de- 
scribed ;  they  are  elongated  cells,  forming  a  very  regular 
columnar  epithelium,  and  are  hence  rendered  hesagonal  by 
mut\ml  appcsition  ;  they  vary  in  their  length  and  diameter 
in  different  animals. 

To  secure  unilbrmity  of  nomenclature,  the  name  amelo- 
blast  has  recently  been  proposed  for  them,  as  being  better 
comparable  with  the  terms  odontoblast  and  osteoblast. 

Although  they  are  connected  with  the  cells  of  the  stratum 
intermedium  by  a  process  at  their  base,  they  often  adhere 
more  strongly  to  the  enamel,  when  once  this  has  begun  to 
be  formed,  than  to  the  rest  of  the  enamel  organ,  so  that 
when  a  dental  sac  is  opened  the  enamel  cells  are  moat  easily 
obtained  by  scraping  the  surface  of  the  enamel.  The  cells 
thus  torn  away  often  have  tapering  processes  at  the  ends 
directed  towards  the  enamel,  which  were  first  described  by 
my  father,  and  go  by  the  name  of  "Tomes'  processes."  The 
cells  are  also  slightly  enlai'ged  at  these  extremities,  especially 
if  they  have  been  immersed  in  glycerine  or  any  such  fluid 
which  causes  their  shrinkage,  for  this  end  of  the  cell  having 
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received  a  partial  impregnation  with  lime  salt  at  its  peri- 
I  phery,  and  so  being  rigid,  ia  uuable  to  coutraot  with  the  rest 
[  of  the  oelL     These  enlarged,  everted  ends,  often  show  a  very 


sharp  contour,  their  trumpet-like  mouths  tending  to  confirm 
[  the  statement  of  Waldeyer  that  the  protoplnam  of  the  cell 
I  is  not  covered  in  hy  niombrane  at  its  ends.  The  ends  of  the 
'   enamel  cells  near  to  the  formed  enamel  are  granular,  this 

granularity  being  due  to  the  depoaition  there  of  calcareous 

Yv    74  (} 


particles,  as  is  indicated  by  its  olearmg  up  nhen  treated  with 
dilute  acida.  The  impregnation  with  calcareous  salts  com- 
mences at  the  free  end  of  the  enamel  cell,  and  at  the  peri- 
phery before  the  central  portion,  and  it  la  to  this  fact  that 
the  existence  of  "  Tomes'  processes  "  is  dne,  for  when  the 
I  «iiajnel  oel!  is  dragged  away  from  the  formed  enamel  prism, 
'  It  separates  across  the  line  of  calcification ;  and  thus  the 
j  «xial  part  of  the  cell,    when  torn  away,  projects  out  further 

(')  Bnamel  cells  with  Tqmea'  proeeaseB. 

(^  Boamel  cecils;  the  two  on  the  ri^'bt  h&Te  been  almak  bj  immeraion 
in  glycenae,  and  present  the  open  tnirapet-aliaped  ends  described  in  the 
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than  its  periphery,  in  consequence  of  calcification  having 
extended  ieaa  far  at  this  central  portion  of  the  cell. 

In  other  words,  if  the  forming  enamel  were  freed  firom  the 
adherent  enamel  cella,  its  surface  would  be  pitted,  each  little 
pit  marking  the  centre  of  an  enamel  prism  ;  and  if  a  thin 
section  of  this  immediate  aurfuce  could  be  tiikeu  off,  it  would 
be  pierced  with  holes  ut  regular  iotervals. 

The  euamel  cell  with  its  process  is  like  aii  odontoblast  with 
I  very  short  dentinal  fibril,  which  has  been  pulled  out  of  the 
formed  dentine,  and  the  nature  of  the  "Tomes'  processes" 
well    illustrated  in  the  enamel    organs  of   uiarsupiala, 
will  be  remembered  that  their  enamel  is  peimeated  by  a  j 
large  number  of  canals,  which  become   continuous  at  the  J 
junction  of  the  dentine  and  enamel  with  the  dentinal  tubes.  | 
Accordingly  the  enamel  cell  of  a  marsupial,  engaged  in 
formation  of  a  permanently  tubular  enamel,  is  just  like  aa  I 
odontoblast  in  that  it  has  a  long,  fine  process,  pulled  out  of '1 
the  already  formed  enamel. 

As  the  youngest  part  of  the  enamel  has  by  no  means 
attained  to  its  full  hunlnean,  it  is  quite  possible  to  obtain,  in 
small  pieces,  sections  parallel  to  its  surface;  the  nearer  they 
are  to  the  suiTace,  the  lurger  will  be  the  iwrforations,  show- 
ing what  has  already  been  stated  respecting  calcification 
commencing  at  the  perii>bery  of  each  cell  to  be  true.  And 
it  is  possible,  by  the  use  of  an  acid,  to  obtain  such  sections 
upon  a  larger  scale,  for  under  the  influence  of  such  a  recent, 
this  youngest  layer  of  the  enamel  sometimes  peels  off  in  a 
sheet,  bringing  with  it  in  places  enamel  cells,  in  places 
euamel  prisms,  adhering  to  its  opposite  sides.  When 
destitute  of  adherent  enamel  cells  or  prisms,  this  so-called 
membrane  is  foramiuated ;  and  the  processes  of  the  ends 
of  the  enamel  cells  are  fitted  into  and  passed  through  these 
perforations. 

The  real  nature  of  the  membrane  which  could  be  raised 
from  the  surface  of  growing  enamel  ivoa  first  demonstrated 


r 


THE  DEVELOPMENT   OF    THE   TESTS. 


by  my  father,  and  his  explanation  has  beeu  accepted  by 
"Waldeyer  and  other  aiithoritieB  ;  it  will  be  seen  that  this 
Bheet,  produced  aolely  by  the  deatniotive  action  of  reagento, 
correspondB  with  the  membmna  prcformativa  of  some  writers 
(see  pnge  181),  and  with  the  membrane  described  by  Pro- 
fessor Huxley  as  interveninj^  between  tlie  enamel  cells  and 
the  enamel.  Hence  it  wUl  be  seen  that  the  fact  of  acids 
raising  a  membrane  from  the  surface  of  the  enamel  does  not 
really  militate  against  the  theory  that  the  enamel  is 
due  to  the  direct  oonversion  of  the  enamel  cells  into 
enamel. 

The  cells  on  the  one  side  of  the  membrane  readily  aepiirate 
from  one  another,  ailhering,  however,  slightly  by  their 
dilated  ends  {piilt  supra),  and  the  fact  that  we  are  able  to 
isolate  the  youngest  layer  of  enamel  as  a  thin  sheet,  is 
probablyto  lie  explained  hyita  chemical  nature.  It  appears 
to  belong  to  that  class  of  peculiarly  resistant  substances 
which  are  to  be  founii  on  the  borders  of  calcification,  and 
behaves  very  much  like  Professor  Harting'a  "calcoglobulin" 
'  {see  page  1-^S) ;  at  all  events  it  may  safely  be  said  to  have 
nndergone  some  chemical  change  preparatory  to  the  reception 
of  its  full  amount  of  lime  salts. 

The  calcification  of  the  enamel  shoidd  be  so  .complete 
that  its  fibrous  structure  is  but  slightly  apparent  in  longi- 
tudinal sections,  and  the  individual  fibres  should  appear 
,  atmctureless,  with  the  eiception  of  the  feebly  marked 
atriation  (see  page  5.5).  In  enamel  of  imperfect  structural 
character  the  centre  of  the  fibre  is  not  completely  calcified, 
the  arrest  of  development  having  taken  place  short  of  its 
full  convcraion. 

The  stellate  tissue  of  the  enamel  organ  disappears  long 
before  the  whole  thickness  of  the  enamel  is  formed,  and 
changes  go  on  in  the  latter  up  to  the  time  of  the  eruption 
of  the  tooth  ;  the  enamel  of  a  tooth  prior  to  its  eruption 
having  a  chalky,  opaque  surface. 
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^^H  The  euamel  of  tbe  teeth  of  reptiles  ia  developed  from  aii 

^^H  enamel  orgita  which  at  no  time  possesses  a  stellate  tiasne ; 

^H  this  ia  also  the  case  in  all  fish  which  I  have  hitherto  ez- 


In  the  poison  fangs  of  snakes  the  enamel  cell 
over  the  iutenor  of  the  poison  tuht,  when,  no  enamel  e: 
appeared  to  be  transformed  mto  a  stellate  reticulum,  vhif^'tl 
change    in   this    cabc    w  ould    appear    to    be    i 
metamorpho! 

Tlie  nuclei  (.f  the  enamel  cells  vrluch  he  at  the  extremities 
furthest  from  the  enamel,  appear  to  recede  as  calcification 
thej  do  not  exercise  any  special  influence  on  the 
IB  far  as  can  be  seen. 

(')  TraEBTersE  section  of  tlie  louth  eac  of  a  poison  tang  (Viper).     The 
.ic  pulp  (o)  ia  EQiToniidcd  by  a  layer  of  cicntino  {d) ;  esteroal  to 
this  Ib  a  layer  o£  colnmoat  enamel  tella,  wtiieli,  npon  the  e 
tooth,  npon  which  a  thin  layer  of  enamel  ia  to  be  fomiad,  are  large  con- 
Bpicuoua  cells.     Where  they  i>a»B  ia  between  the  linrns  of  the  creacenl. 

Id  that  part  which  will  ultimately  bs  the  poiEon  canal,  their  cliaracter 

lost,  and  tboir  plaxie  taken  by  Bteilate  cells  (/),     No  enamel  ia  fonned 

tbia  latter  pouition. 
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Aa  has  been  alread]'  mentioned.  Kiilliker  disHeuts  fram  the  abore 
aooonnt  of  the  calcificalion  of  the  enamel,  partly  on  the  ground 
that  enamel  cells  ma;  be  aeen  of  the  same  elze  and  form  at  all 
atageB  of  the  formation  of  enamel. 

The  process  ho  regaj^s  as  one  of  Becretion,  the  enamel  being  ehed 
out,  so  U  Bpeak,  from  the  free  end  of  eaoh  enamel  cell ;  hence  the 
primia  of  the  enamel  will  correspond  in  siie  and  number  with  the 
cells  of  the  enamel  epithelium ;  the  proceeEes  of  the  enamel  cells 
he  regards  as  being  frngmente  of  this  hardened  secretion  which  ate 
still  clinging  to  the  parent  cell 

U.  Magi  tot  (Jonmal  de  I'Atiatomie  de  M.  Cb.  Robin.  18T9),  reyived 
this  view,  describing  each  cell  as  terminated,  towards  the  forming 
enamel,  by  a  little  plate  of  dense  material  through  which  by  some 
ptooesB  of  exosmosis  the  constituents  of  ecamel  travel  out.  He 
notes  that  these  plates  often  cohere  so  as  to  f oim  a  sheet  (of.  page 
164),  bat  says  nothing  of  their  being  perforated.  No  one,  however, 
who  had  seen  the  enamel  cell  of  a  marsopial  with  the  tapering 
process  five  or  six  times  as  long  as  itself  which  had  been  pulled  out 
of  the  young  enamel  would  be  satisfied  with  the  excretion  theory. 

The  reasons  for  adopting  the  opposite  view  will  have  been 
gathered  from  the  text ;  they  are,  in  brief,  the  occurrence  of  the 
"Tomes'  processes,"  eepeoially  in  marsupials;  the  rigidity  of  the 
open  raoutha  of  the  enamel  oeila ;  the  pitted  snxface  of  the  youngest 
layer  of  enamel,  the  foraminated  membrane  which  can  be  raised 
from  it,  and  the  relation  of  theae  facta  to  the  occurrence  of  the 
processes  of  the  enamel  cells. 

Schwann  believed  that  the  enamel  oell  was  constantly  increasing 
at  its  free  end  (i.e..  that  next  to  the  enamel),  and  that  the  now 
growth,  or  youngest  part  of  the  cell,  is  calcified  as  fast  as  it  is 
formed;  this  view  differs  little  from  that  of  Kiilliker,  who  prefers 
to  Bipresa  it  by  saying  that  this  end  of  the  cell  is  constantly  shed- 
ding oB  or  secreting  a  material  which  becomes  external  to  itself. 
.  My  fatiier,  Waldeyer,  Herta,  and  many  others,  believe  that  the  cell 
growth  tahes  place  not  at  this  free  end,  but  at  the  attached  nude- 
itifd  end,  and  that  it  is  the  oldest  portion  of  the  cell  itself  which 
leoeives  an  impre^cnation  with  salts  and  forms  the  enamel. 

Professor  Huxley's  opiniou  Cpa?6  161)  is,  I  take  it,  based  on  the 
fact  that  a  membrane  conld  be  raised  from  the  surface  of  young 
enaniel,  wIiIlIi  must  have  intervened  between  the  enamel  celle  and 
the  cnnmcl  prisms  ;  if  my  father's  explanation  of  the  nature  of  this 
membrane  be  accepted,  the  difflcnlty  vaniBhes. 

My  own  researches  upon  the  development  of  the  teeth  of  Sshes 
also  furnish  evidence  tending  in  the  same  direction  ;  as  has  been 
already  mentioned,  the  enamel  cells  in  some  parts  of  the  enamel 
organs  of  certain  fish,  such  as  the  eel  and  perch,  and  certain 
Batraehia,  e.j. ,  the  newt,  have  dimensions  very  greatly  exceeding 
those  of  the  cells  in  the  remainder  of  the  organ.  These  highly 
developed  cells,  tlirce  times  as  long  sa  the  corresponding  cells  lower 
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down  upon  Uie  dentine  papilU,  ure  in  the  position  of  the  t«nnk>al 

cap  of  enamel  which  charaoterises  thetw  teeth.  Morenver.  in  the 
tooth  sac  of  the  poison  fang  of  a  viper,  the  distrlhntion  uf  the  large 
cells  coincides  with  tbnt  of  the  enamel  on  the  finiahed  tooth. 

Calcification  of  tba  Dentine. — The  dentine  is  formed 
upon  tlie  BurfftL-e  of  the  deutiue  bulb,  or  papiila,  from  with- 
out iDwards,  so  that  no  portion  of  dentine  onoe  calcified  can 
receive  anv  increase  in  external  dimensions ;  all  additions 
must  take  place  upon  the  iuterior  of  the  dentine  cap.  The 
nattire  of  the  dentine  bidb  has  already  been  to  some  extent 
described  ;  it  remains  tu  consider  Bomewhat  more  minutely 
the  nature  of  its  surface.  The  cells  constituting  the  mem- 
brana  eboris,  to  which  VValdeyer  has  given  the  convenient 
name  of  "((dontoljlasts,''  form  an  exceedingly  sharply  defined 
layer  upon  the  surface  of  the  dentine  wall,  being  arranged 
in  a  single  row  ;  the  colls  immediately  beneath  them  differ 
strongly  from  them,  so  that  there  is  not  so  marked  an 
appearance  of  transitional  structure  as  may  be  seen  in  the 
stratum  intermedium  of  the  enamel  organ.  Nothing  what- 
ever like  the  linear  succession  of  formative  cells,  which,  by 
coalescence  at  their  ends  went  to  form  the  dentinal  tubes,  as 
described  by  the  older  writers,  is  to  be  seen. 

The  odontoblast  cells  vary  in  form  according  as  the  den- 
tine formation  is  actively  going  on  or  not,  but  at  the  period 
of  their  greatest  activity  thev  are  broad  at  the  end  dii'ected 
towards  the  dentine  cap  so  as  to  look  almost  abruptly 
truncated.  The  sevtral  protet,6es  of  the  cells  have  already 
been  described ;  there  arc  however,  sometimes  several 
"dentinal  processes  procetlin^  from  a  single  cell,  a»d 
Boll  has  counted  no  less  than  s  x 

The  cells  are  finely  granular  and  are  according  to  Waldeyer 
and  Boll,  destitute  of  all  membrane    the  nucleus  is  oval,  lies 
in  that  cstremityof  the  cell  which  is  iarthest  from  the  dentine, 
and  is  sometimes  prolonged  towards  the  dentinal  process  flO._ 
as  to  be  ovoid  or  almost  pointed.  ^m 
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Tha  dentinal  process  passes  into  the  tiibea  of  the  dentine, 
and  it  frequently  happens  that  when  the  membrana  eboria 
is  only  slightly  separated  from  the  dentine  these  processes, 
which  constitute  the  dentinal  fibrils,  may  be  seen  stretching 
acrosB  the  interval  in  great  numbers. 

The  odontoblasts,  as  may  be  seen  from  Figs.  31  and  77, 
are  fitted  closely  together,  and  there  is  not  much  toom  for  any 
other  tissue  between  them,  so  long  as  the  formation  of  dentine 
is  actively  going  on.  Prior  to  its  conunencement,  however,  the 
cells  are  not  so  square  at  their  ends,  and  the  appearance  of 
the  thin  edge  of  such  a  pulp  suggests  the  idea  that  they  are 
bedded  in  a  transparent  and  structureless  jelly,  which  projects 
ft  little  beyond  them.  To  render  my  meaning  more  clear  by 
a  homely  illustration,  the  surface  of  the  pulp  at  this  stage 
reminds  one  of  the  clear  jellies  put  upon  the  table  with. 
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strawberries  or  the  like  buried  in  them,  near  to,  but  beneath, 
the  surface.  But  no  such  substance  can  be  distinctly  seen 
when  once  calcification  has  actively  set  in. 

When  the  pulp  has  completed,  for  the  time  being  at  all 
events,  the  formation  of  the  dentine,  the  odontoblast  cells 

come  more  elongated  and  more  rounded  in  their  outline 
imd  taper  ofi^  towards  and  into  tlio  dentinal  process,  instead 
of  havmg  truncated  ends. 

The  cells  figured  by  Lent  as  the  formative  cells  of  dentine, 

regard  as  odontoblasts  taken  from  an  adult  tooth,  the 
jieriod  of  formative  activity  being  past,  and  I  am  inclined  to 

(')  iBolateil  odontoblast  cell. 
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think  that  bis  riewa  on  the  subject  of  deTelupment  are  open 
to  criticism,  as  being  based  upon  the  appearftncsB  presented 
by  such  old  cells. 

The  dentine  is,  I  believe,  formed  by  the  direct  converuoD 
of  the  odontoblaxt  cells,  just  as  is  the  enamel  by  that  of  the 
enamel  cells,  and  is  derived  from  them,  and  from  them  alone. 

According  to  this  view,  which  is  supported  by  Waldeyw, 
Frey,  BoU,  Dr.  Lionel   Beale,  and  many  other  writere, 
dentinal  fibrils,  the  dentinal  sheaths,  and  the  matrix  betv 


these  latter,  are  alike  derived  from  the  metamorphosiB  of 
the  odontoblast  cell.  Jn  other  words,  the  three  structures 
in  question  may  be  taken  as  being  three  stages  in  the  con- 
version of  one  and  the  same  substance :  thus  we  have  the 
dentinal  fibril  in  its  soft  condition,  little  more  than  the 
unaltered  protoplasm  of  the  cell ;  then  the  dentinal  sheath, 
one  of  those  peculiarly  resistant  substances  which  lie  on  the 
borders  of  calcification;  and  lastly,  thematris,  the  completed, 
wholly  calcified  tissue. 

That  some  such  relation  exists  seems  to  be  indicated  by 
the  fact  that  dentinal  tubes  once  formed  are  capable 
further  calcification,  by  which  their  calibre  becomes  sensibly 
diminished.     Thus,  my  father  states  (speaking  of  the  incisor 

'  Oiiontoblaets  in  eku.     Aftsr  Waldtjer. 
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iteeth  of  rodenta),  "the  tubes  wliicli  proceed  from  tlie  pulp 
oaTitjr  near  the  base  of  the  tooth,  are,  in  moat  cases,  per- 
ceptibly larger  than  those  that  are  situated  higher  iip  ; 
'lienca  it  followa  that,  as  the  latter  were  once  near  the  base 
of  the  tooth,  the  dentinul  tubes  undergo  a  diminutiou  of 
oalibre  after  their  original  formation.  In  the  teeth  of  the 
Soiurids)  I  have  found  a  difference  of  Bieo  amounting  to  a 
tbird  or  half  between  the  tubes  near  the  base  and  tliose 
near  tbe  surface  in  wear." 

And  Dr.  Lionel  Beale  calls  attention  to  the  fact  that  the 
hollows  of  the  canals  are  largest  nearest  to  the  pulp,  and 
smallest  at  the  periphery  of  the  tooth — in  other  words,  at 
the  oldest  part ;  also  that  calcification  is  still  slowly  going 
on  even  in  advanced  life,  so  as  often  to  lead  to  the  oblite- 
ration of  the  peripheral  tubes.  There  is,  too,  the  statement 
of  Eobin  and  Magitot,  that  the  teeth  become  more  rich  in 
oalcareoua  salts  as  age  advances,  so  that  analyses  of  human 
teeth  show  great  discrepancies. 

It  ie  difficult  to  see  how  a  dentinal  tube  once  formed  can 
become  contracted  to  a  third  or  half  of  its  diameter  unless 
■we  believe  that  that  which  was  at  first  the  soft  tissue  (den- 
tinal fibril)  occupying  its  canal  may  become  at  its  periphery 
anetomorphoaed  into  "  dentinal  sheath,"  while  that  which 
TTaa  originally  this  latter  has  passed  into  the  condition  of 

^matrix. 

I      But  it  is  quite  probable  that  the  dentinal  sheath  has  no 

MBeparate  eiistence  in  the  dentine  \uitil  after  its  disintegration 

'l)y  a  strong  acid. 

As   I   have    elsewhere   expressed   it,    the   most   external 

portions  of  the  odontoblasts  undergo  a  metamorphosis  into 

.  a  gelatigenous  matrix,  which   is   the   seat  of  calcification, 

'  Irhile  their  most  central  portions  remain  soft  and  unaltered 
U  the  fibrils.  Intermediate  between  the  central  perma- 
nently soft  fibril  and  the  general  calcified  matris,  is  that 
portion  which  immediately  surrounds  the  fibril,  namely,  the 


dentinal  sheath  ;  as  ei[pressf?d  by  Dr.  Lionel  Beale  they  fire 
protoplasm,  formed  nrnterial,  and  ciUeified  formed  materiaL 

JiiHt  as  in  the  case  of  enamel,  there  are  writers  who  hold  that  the 
odontobiaatfl  are  not  themselves  oonverted  into  dentine,  but  that 
they  preside  over  the  secretion  of  a  material  whiuh  la.  Thus 
KoUiker  and  Lent  believe  that  while  tlie  canals  and  their  content» 
are  continuationa  of  the  odontcblaitts.  the  matrix  ia  a  Becretion 
either  from  these  cella  or  Trom  the  rest  of  the  pnip,  and  so  ia  an 
'"  intercellular"  BUhstance.  Their  view  is  therefore  intermediate 
between  the  excretion  and  converaion  theories ;  anil  Kolliker  goes 
on  to  Buy,  '■  since  the  dentinal  cells  are  immediately  drawn  oat  at 
their  outer  ends  into  the  dentinal  fibres,  and  do  not,  as  was  formerly 
thought,  grow  out  in  sach  a  manner  that  the  dentinal  Qbre  is  to  be 
reg'arded  only  as  the  inner  part  of  the  cell,  so  it  ia  not  passible  to 
derive  the  dentine  immediately  from  the  cells."  But  ia  not  Pro- 
fessor Kolliker  thinking  and  writing  of  those  aged,  spent  cells 
which  his  pnpil  Lent  figured  ?  Xo  one  oonld  speak  of  a  young, 
active  odontoblast  as  "  drawn  out  into  the  dentinal  fibril"  A  good 
section  of  young  developing  dentine  shows  that  the  cells  are  square 
and  abrupt  towards  the  dentine  ;  they  do  not  taper  into  the  dentinal 
procesa  in  tJie  smallest  degree,  and  there  is  no  room  for  any  inter- 
cellular substance  whatever. 

Hertz  coincides  with  Kiilliker  in  regarding  the  matrix  aa  a 
"  secretion  from  all  the  dentinal  cells  in  common  which  stands  in 
no  definite  histological  relation  to  the  individual  cell?,"  but  hia 
%ure  also  I  beheve  to  be  representative  of  an  adult  inactive  surface 
of  pulp,  in  which  dentine  formation  has  almost  ceased. 

Kolliker  and  Lent  are  of  opinion  that  a  single  cell  ia  sufficient  to 
foiTn  the  whole  length  of  a  dentinal  fibril,  not  having  eeen  evidence 
of  active  cell  growth  in  the  subjacent  layer  of  the  pulp,  from  which 
they  would  infer  that  the  meinbrana  eboris  was  supplemented  by 
new  cells  from  below.  In  a  later  edition,  however,  Kolliker  speaks 
with  much  more  hesitation  on  this  point. 

Magitot  (1881)  holds  that  the  whole  of  the  dentine  is  "a  pro- 
duct elaborated  by  the  odontoblasth,"  but  neither  selected  by  nor 
formed  by  the  conTeraion  of  the  odnntablaBts.  and  he  denies  the 
esistence  of  the  sheaths  of  Neumann  tii  Mo. 

Klein  believes  that  the  odontoblast  forms  the  matrix  only, 
wMlst  the  dentinal  fibrils  are  proceises  oontmued  np  between  the 
odontoblasts  from  a  subjacent  layer  of  stellate  cells. 

Kobin  and  Magitot  formerly  held  that  the  dentine  matrix  was 
formed  by  the  transformation  of  the  odontoblast  cells,  but  that  the 
tubes  were  interijiaas  between  these  latter,  not  corresponding  with 
tJie  axes  of  the  cells. 

Baume  (Odontolt^iaohe  Fortschungen)  holds  that  the  odonto- 
blast aeorete  a  material  which  calcifies,  rather  than  that  they  are 
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tihemaelTeBOoaTetted.and  then;  are  some  appewimoeB  which  are  still 
unexplained.  Mr.  Mummery  hog  shown  to  me  BectioosoF  teeth  with 
the  pnlpB  it  'its,  which  hod  been  prepared  by  impre^natina  with 
pTeriooBly  hardened  Dmacla  baUam  ;  in  tlieae  tiheie  appears  to  be 
■omethinK  in  the  pulp  like  a  connective  tinsue  Bttoma— Bomething- 
>rliich  reminds  one  of  the  connective  tissue  which  calcifiea  into 
Sharpey'B  fibres  in  bone — aiUierent  to  the  inner  surface  of  the 
dentine.  This,  as  well  as  sitae  ap|)eariuic!et<  afbtr  muceration  in 
glycerine,  described  by  Mr.  Bennett  f  Odontolog.  Sec,  Traniiao. ,  1 888). 
we  as  j'et  not  folly  explained,  nor  is  it  clear  how  far  they  may  be 
dne  to  methods  nsed  in  the  preparation  of  the  specimens. 

Bat  it  would  appear  that  there  ninet  be  some  material  of  appreci- 
able thickneaa  npon  the  inner  or  forminjjc  surface  of  the  dentine 
whieh  ia  not  oh  yet  fully  caleified.  and  perhaps  not  in  other  respect* 
u  yet  straetnrally  or  chemically  quite  identical  with  the  matrix 
even  when  this  tatter  is  decalcified  (cf.  Fi|r.  78).  but  which  is  on  \tt 
yrvj  towards  conversion  into  dentine  matrii. 

And  it  has  been  sugg^ted  (Hopewell  Smith.  Dental  Record,  An;. 
18B9),that  the  function  of  the  odontoblwjtfl  is  purely  sensory,  a  com- 
parison beinjf  drawn  between  them  and  the  gnng'lion  cells  of  the 
spinal  cord,  and  that  the  work  of  elaboration  of  dentine  matrix,  ka., 
ia  done  by  smaller  and  lesA  specialised  cells  which  lie  more  deeply 
in  the  pidp,  just  below  the  adontablaat  layer. 

Comparative  anatomy  furnishes  evidence  against  the  aooeptance 
of  tnch  a  view,  as  many  vaso-dentines  which  contain  no  tube 
^Btem,  and  so  no  dentinal  fibrils,  are  yet  formed  apparently  by  the 
agtaiCf  ot  a  layer  of  cells  corresponding  in  moet  features  with  the 
odontobloate  of  other  creatures. 

Whilst  the  view  advocated  in  the  body  of  the  test  is  that  which 
«ppeaTs  to  me  to  be  the  most  probable,  it  cannot  be  said  that  the 
^noation  of  dentine  calcification  is  finally  and  completely  settled  : 
"there  still  remains  room  for  doubt  and  for  conjectnre,  ac  that  no 
dogmatic  statements  con  be  laid  down  with  safety. 

The  thinnest  layer  of  dentine,  such  as  may  be  found  at 

"the  edges  of  tlie  dentine  cap,  ia  soft  und  elastic,  and   bo 

"transparent  as  to  appear  structiirelesa.     Where  it  has  at- 

'fcaiaed   a   somewhat  greater   thickness,   globules   begin  to 

^  appear  in  it,  which  are  small  in  the  thinner,  and  larger  in 

tlie  thicker  portion  of  the  dentine  cap.     As  they  are  actually 

in  the  substauco  of  the  cap,  their  growth  and  coalescenoe 

obviously  go  on  without   anj'  very  immediate  relation   to 

the  cells  of  the  pulp ;    in  point  of  fact,  a  process  strictly 

analogous  to  that  demonstrated  by  Mr.  Raini'e  find  Profesaor 
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Hurting  (see  page  187),  is  going  on.  Thus  in  tlie  formation 
of  the  first  akin  of  dentine,  a  stage  of  mettimorphoais  pre- 
paratory to  impregnation  with  calcareous  aalta  distinctly 
precedes  that  full  impregnation,  which  is  marked  by  the 
occurrence  of  globules  and  their  subseiiuent  coalescence. 
The  occurrence  of  these  globular  forms  and  consequent  large 
interglobular  spaces,  in  the  deeper  parts  of  adult  dentine,  iB 
therefore  an  evidence  of  arrest  of  development  rather  than 
of  any  otherwise  abnormal  condition. 

When  the  formaticm  of  the  dentine  and  euamel  has  gone 
on  to  the  extent  of  the  crown  of  the  tooth  having  attained 
its  full  length,  the  reproduction  of  new  formative  pulp  (in 
teeth  of  limited  growtli)  takes  place  only  over  a  contracted 
area,  so  that  a  neck,  and  finally  one  or  more  roots,  are 
the  result  of  its  conversion  into  tooth  substance.  In 
teeth  of  constant  growth,  however,  no  such  narrowing 
of  the  formative  pulp  takes  place,  but  the  additions  t« 
the  base  of  the  tooth  are  of  constant,  or  ever-increasing 
dimensions,  as  is  the  case  of  some  tusks,  which  are  thus  of 
conical  form. 

It  is  said  that  the  number  of  roots  which  would  have  been 
developed  at  the  base  of  a  particular  dentine  oigan  may  be 
inferred  from  the  vessels,  i.e.,  that  in  a  single  rooted  tooth 
the  vessels  would,  even  at  an  early  period,  form  a  single 
fasciculus,  in  a  double  rooted  one  similarly  they  would  be 
arranged  in  two  bundles,  so  that  the  ultimate  formative 
activity  will  be  eserciaed  around  one,  two,  or  throe  centres 
of  nutrition.  I  am  not  however  able,  from  my  own  ob- 
servations, to  throw  any  light  upon  this  matter. 


THE   CALCIFICATION   OF  VASO-»EKTINE. 

During  the  conversion  of  the  membrana  eboris  into 
ordinary  hard  unvaacular  dentine  the  vessels  of  the  formative 
pulp  recede,  so  that,  whilst  at  all  stages  a  capillary  plesus 


ia  to  be  found  jiiat  below  the  odontoblaBt  layer,  no  veBsels 
are  to  be  found  amongst  the  cells  whiob  constitute  it 

Noverthelesa  a  momeut's  reflection  will  show  that  (except 
in  tlie  enrlieat  atagea,  before  any  dentine  is  formed)  the 
plexus  must  at  a  prior  time  have  occupied  the  plac 
takeo  poBseasion  of  by  the  inward  marching  odontoblasts 
and  dentine. 

But  in  the  calcification  of  a  formative  pnip  into  1 
dentine  this  recession  of  its  veaaols  before  the  advancing 
border  of  calcification  does  not  take  place  ;  the  whole  vascular 
network  of  the  papilla  remains  and  continues  to  carry  blood 
circulating  tlirough  it,  even  after  calcification  has  crept  up 
to  and  around  it. 

So  that,  if  we  imagine  a  vascular  papilla  to  have  its 
atroma  suddenly  petrified  whilst  its  circulation  went  on  all 
the  same,  we  should  have  something  like  a  vase-dentine. 

Just  as  in  hard  dentine,  the  odontoblast  layer  is  distinctly 
marked  off  from  the  rest  of   the  dentine  organ,  and  the 
r  dentine  ia  wholly  derived  from  ita  conversion  into  calcified 

I  anaterial,  so  that  the  diftcrenco  between  vaso-dentine  and 

I  liard  dentiiio  is  not  one  of  a  very  fundamental  character. 

B  Indeed  as  wo  have  seen  (page  92),  the  same  formative 

H  })ulp,  the  same  odontoblast  layer,  is  able  at  one  time  to  form 

H  liard  tubidar  dentine,  at  another  vaso-dentine.  All,  therefore, 

^B  "that  has  been  before  said  of  the  calcification  of  odontoblasts 
^ft  "Will  apply  equally  to  those  of  a  vaso-dentine  pulp,  save  only 
^H  ^hat  in  the  moat  typical  tissue  of  thia  latter  kind  each  cell 
^^k  calci6ea  solidly,  and  does  not  leave  the  axial  portion  soft,  to 
^^B      remain  as  a  dentinal  fibril. 

^^^  Of  the  development  of  Plioidentine  nothing  more  need 

^^H  be  said,  as  it  presenta  no  peculiarities  which  are  not  the 
^^^ft  obvious  result  of  the  folding  of  the  surface  of  ita  formative 
^H    pulp- 
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THE   CALCIFICATION   OF   OSTEO-DEXTIXE. 

With  the  exception  of  the  thin  external  layers  (see  Fig.  48), 
which  are  developed  from  a  superficial  layer  of  not  Teiy 
highly  specialised  cells,  osteo-deutine  is  built  up  in  a  manner 
fundamentally  different  from  that  in  which  hard  dentine, 
plicidentine,  and  vaso-dentine,  are  constructed. 

For  it  is  not,  like  these,  a  surface  formation ;  it  is  not 
laid  down  in  a  regular  manner  upon  the  exterior  of  a  pulp, 
and  it  has  no  relation  to  an  odontoblast  layer,  if  we  except 
perhaps,  its  thin  exterior  shell. 

So  soon  as  this  has  been  formed,  its  inner  surface  becomes 
roughened  by  trabecular  shooting  inwards  into  the  substance 
of  the  pulp,  which  speedily  becomes  traversed  completely 
by  them,  as  well  as  by  the  connective  tissue  bundles  which 
are  continuous  with  them.  Thus  the  pulp,  being  pierced 
through  in  every  direction  by  these  ingrowths,  cannot  be 
withdrawn,  like  the  pulp  of  a  hard  or  of  a  vaso-dentine  tooth, 
from  the  interior  of  the  dentine  cap.  Osteoblasts  dothe, 
like  an  epithelium,  the  trabecultc  and  the  connective  tiasae 
fibres  attached  to  them,  and  by  the  calcification  of  these  the 
osteodentine  is  formed. 

The  process  is  exactly  like  the  calcification  of  any  mem- 
brane bone,  and  the  connective  tissue  bundles  remind  one 
of  those  which  are  believed  to  be  the  occasion  of  the 
formation  of  Shai*pey*s  fibres  in  bone.  In  the  case  of  teeth 
which  are  going  to  be  anchylosed  to  the  subjacent  bone, 
these  fibres  run  continuously  from  the  interior  of  the  dentine 
cap  down  to  the  bone,  and  calcification  in  and  around  them 
binds  the  two  inseparablj'^  together. 

It  is  interesting  to  note,  especially  in  connection  with 
the  fact  that  some  observers  believe  Sharpey's  fibres  to  be 
elastic,  that  the  hinged  teeth  of  the  pike  (see  Fig.  90)  owe 
their  power  of  resilience  entirely  to  the  elasticity  of  these 
connective  tissue  bundles,  which  do  not  become  completely 
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calcified  ;  although  at  an  early  st*a;o  it  would  be  quite  im- 
possible to  say  whether  a  particular  tooth  under  observation 
was  going  to  be  aachyloaed,  or  to  be  a  hiuged  tooth  tied 
down  by  elastic  strings. 

The  Caloiflcation  of  Cementnm. — Just  as  is  the  case 
with  bouea  elsewhere  in  the  body,  cemantum  may  perhaps 
ba  formed  in  two  distinct  ways,  by  membranous  oaaificatioQ, 
and  by  ossification  in  a  fibro-cartiiage,  the  former  method 
,  obtaining  upon  the  roots  of  teeth,  and  the  latter  upon  those 
crowns  where  the  cement  organ  described  by  Magitot  eniata. 

At  the  time  when  the  crown  of  a  tooth  appears  through 
the  gum,  it  alone  is  complete,  and  the  root  has  yet  to  be 
calcified  ;  as  each  portion  of  dentine  of  the  root  is  completed, 
it  is  coated  with  a  closely  adherent  vascular  membrane  which 
is  in  fact  the  follicle  wall,  and  which  ia  to  become,  when  the 
cement  ia  formed,  the  alveolo-dontal  periosteum. 

The  inner  or  dentinal  face  of  this  membrane  presents  a 
layer  of  large  cells,  the  oateohlusts  of  Gegenbaur,  and  it  is 
by  their  calcification  that  bone  or  cementum  ia  directly 
formed.  These  osteoblasts  are  themselves  a  special  de- 
velopment where  bone  ia  about  to  be  manufactured,  as  is 
clearly  esplained  in  the  following  extract  from  a  paper  by 
my  father  and  the  late  Mr.  De  Morgan,  who  termed  them 
osteal  cells : — 

"Here  {towards  the  bone)  in  the  place  of  cells  with 
elongated  processes,  or  cells  arranged  in  fibre-like  lines,  we 
find  cells  aggregated  into  a  mass,  and  so  closely  packed  as  to 
leave  little  room  for  intermediate  tissue.  The  cells  appear 
t«  have  increased  in  size  at  the  cost  of  the  processes  which 
existed  at  an  earlier  Bt^e,  and  formed  a  bond  of  union  be- 
tween them.  Eeerywhere  about  grovjing  hoTie  a  careful  ex- 
amination will  reveal  oelU  attacked  to  its  mrface,  vtkilethemr- 
fixce  of  the  hone  ittelf  will  present  a  series  of  similar  bodies  ositfled. 
To  these  we  propose  to  give  the  name  of  osteal  cells." 

Externally  to  the  osteoblast  layer,  but  still  very  near  to 
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the  perfect  cementum,  lies  a  reticulum  or  network  mode  up 
of  forming  coiinective  tissue.  The  colls  have  largish  rouud 
nuclei,  and  are  each  furnished  with  three  or  four  homo- 
geneous processes,  so  that  the  tissue,  save  ia  very  thin  seo- 
tiona,  looks  hopelessly  confused  from  the  interlacing  of  the 
cell  processea.  Many  of  these  processes  pass  into,  and  are  lost 
in  the  clear,  structureless  matrix  of  the  already  formed 
comentum ;  the  functions  which  they  perform  in  its  deve- 
lopment are  not  very  apparent,  but  some  of  them  appear  to 
persist  in  it  as  Sharpey'a  fibres. 

Externally  to  the  fine-meshed  net-work  which  has  been 
well  figured  and  described  by  Dr.  Lionel  Seale,  the  soft 
tissue  surrounding  the  root  partakes  more  of  the  character 
of  ordinary  fibrous  tissue,  and  may  l>e  teased  out  into 
fibrils.  The  fibrous  bauds  ruu  mainly  in  a  direction  from 
the  alveolus  towards  the  tooth.  Many  of  them  pass  through 
the  whole  thickness  of  the  soft  structiires,  estendiiig  from  the 
bone  of  the  alveolus  to  the  cementum  of  the  tooth,  becoming 
lost  at  each  extremity  in  the  one  tissue  or  other. 

The  osteoblasts  form  both  matrix  and  bone  corpuscles  : 
in  Professor  Klein's  words  "each  osteoblast  by  the  peripheral 
portion  of  its  cell  substance  gives  origin  to  the  osseous  ground- 
substance,  while  the  central  protoplasm  round  the  nucleus 
persists  with  the  latter  as  the  nucleated  bone-cell.  The  bone- 
cell  and  the  space  in  which  it  lies  become  branched.  For 
a  row  of  osteoblasts  we  then  find  a  row  of  oblong  or  round 
territories,  each  composed  of  matrix,  and  in  it  a  nucleated 
branched  cell.  The  outlines  of  individual  territories  are 
gradually  lost,  and  wo  have  then  a  continuous  osseous 
lamina,  with  its  bone-cells.  The  ground  substance  is  from 
the  outset  a  network  of  fibrils  ;  it  is  at  first  soft,  but  soon 
becomes  impregnated  with  inorganic  salts,  the  process  com- 
mencing at  the  'point  of  ossification.'  The  bone  cells,  with 
their  processes,  are  situated  in  corresponding  lacunfe  and 
canaliculi,  just  as  in  the  adult  osseous  substance." 
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Thus  just  ta  calcilicatioD  ia  an  euamel  cell  or  in  an  odou- 
toblaBt  oommences  upou  its  BurfAce,  and  proceeds  inwarda 
till  it  haa  more  or  leas  completely  pervaded  it,  ao  in  the  case 
I  of  the  osteoblast  the  deposition  of  calcareous  aBlt«  proceeds 
from  without  inwards.  To  wae  a  rough  comparison,  w« 
might  imagine  a  calcifying  osteolilast  as  like  an  egg-shell, 
the  central  cavity  of  which  was  being  gradually  obliterated 
by  the  addition  of  successive  luyers  on  its  interior  (it  is  not 
to  be  understood  that  any  such  lamination  is  to  be  detected 
in  au  individual  osteoblast).  In  a.  certain  number  of  osteo- 
blasts this  process  of  calcification  does  not  proceed  with 
each  regularity  as  to  obliterate  their  centres,  and  at  the 


I  «amo  time  to  fuse  together  their  exteriors,  but  as  it  pro- 
a  with  some  degree  of  irregularity  towards  the  centre, 

'  tracks  of  uncalcified  matrix  are  left,  and  fi  llj  t  t  ps  short 
of  obliterating  the  central  portion  f  th  11  Although 
for  the  purpose  of  description  I  ha  p  k  f  the  centre 
of  the  osteobliist  cell  as  a  '  space,'  of       rs     t  t  hollow, 

hut  consists  of  uncalcified  matris,  and       th        t     tion  lies 
the  nucleus  of  the  cell. 

In  carmine-Btained  preparations  f        th    t    th    f  calves 

[  fl  round  nucleus  may  sometimes  be  Ij    ^       th    stellate 

(')   Encapsuled  lacunte. 


"  lacuna  ; "  the  nucleus  soon  disappeara,  and  playa  uo  aotive 
part  in  determining  the  form  of  the  lanuna.  The  nucleus 
may  also  be  seen  in  the  developing  bonea  of  human  foetuses, 
and,  though  this  ia  difficult  to  iinderstand,  the  traces  of  the 
nucleus  seem  to  be  beautifully  preserved  in  the  lacunse  of 
a  supposed  Pterodactyle  bone  from  the  Woaideii,  a  section, 
from  which  was  figured  by  my  father  in  the  paper  referred 
to.  Exactly  as  calcification,  advaucing  with  irregularity  in 
the  interior  of  an  individual  cell,  fails  to  render  it  homo- 
geneous by  pervading  its  whole  substance,  so  it  may  fail  so 
completely  to  unite  contiguous  cells  as  to  obliterate  their 
contours.  A  lacuna,  surrounded  by  such  a  contour  line, 
mapping  the  limits  of  the  original  cell,  or  cluster  of  oella,  is 
what  is  termed  an  "  encapsuled  lacuna." 

That  which  determines  the  formation  of  a  lacuna,  or  an 
encapsuled  lacuna,  at  any  particular  spot,  is  unknown  :  all 
that  can  certainly  be  said  ujwn  the  subject  is  embodied  in 
the  following  estract  from  the  paper  by  my  father  and  Mr. 
De  Morgan,  above  alluded  to  ; — "  We  see  the  boundary  of 
the  original  lacuual  cells  only  in  those  cases  where  the 
lacunie  have  but  few,  or  are  entirely  devoid  of  canaliculi. 
It  would  appear  to  be  a  law,  to  wliich  there  are  few,  if  any, 
exceptions,  that  when  anastomosis  is  established  between 
adjoining  lacuiue,  the  lacuual  cells  blend  with  the  con- 
tiguous parts,  and  are  no  longer  recognisable  as  distinct 
bodies." 

According  to  Kolliker,  the  cementum  is  first  deposited  in 
isolated  scales,  which  coalesce  with  one  another,  rather  than 
in  a  continuous  sheet.  In  the  teeth  of  the  Primates,  the 
Camivora,  Insectivora,  ifcc,  the  ccmentum,  at  Jeaat  in  any 
appreciable  thickness,  is  confined  to  the  roots  of  the  teeth. 
Various  reasons,  however,  exist,  for  regarding  Naarayth's 
membrane  as  an  exceedingly  thin  layer  of  cement,  which 
have  been  entered  into  in  the  section  relating  to  that 
structure,   and   need   not   be   recapitidated    here.     It   will 
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BufGce  to  say,  that  it  appears  to  be  one  of  those  structures 
midway  betwiit  full  calcification  and  full  vitality,  and  shares 
with  such  Hubstances  the  power  of  resistance  to  chemical 
reagents  which  characterises  them, 

M.  Magitot  states  that  the  calcification  of  the  cartilaginous 
cement  organ  of  Herhivom  differs  in  no  respect  from  that  of 
other  cartilages,  but  in  his  description  he  merely  states  that 
patches  of  calcification  appear  here  and  there  in  the  deepest 
portion  of  the  organ,  coalesce,  and  come  to  invade  its  entire 
thickness;  and  further  that  the  cement  at  the  period  of 
eruption  is  constituted  of  "  osteoplasts  "  regularly  grouped 
round  vascular  canals,  and  included  in  a  ground  subBtanee 
finely  striated.  {Joumal.de  Fanalomie,  1881,  p.  32.)  Where 
intranjartilagiiious  o-sifications  occur  elsewhere  in  the  body 
a  temporary  boue  is  formed  by  the  calcification  of  the 
cartilage  matrix,  which  is  subsequently  absorbed  and  swept 
awny,  as  moiTow- containing  channels  appear  in  it,  and  bore 
their  way  .through  it,  substituting  for  the  calcified  cartilage 
a  bone  developed  from  osteoblasts,  and  ultimately  all  remains 
of  the  calcified  cartilage  or  temporary  bone  disappear.  Thus 
all  bone  whether  developed  in  cartilage  or  in  membrane 
is  formed  alike,  the  calcified  cartilage  merely  forming  a 
temporary  framework  or  scaffolding,  in  and  amongst  which 
the  bone  is  formed  from  osteoblasts.  But  M.  Magitot  does 
not  d^cribe  in  much  detail  this  calcification  of  cartilage  and 
aubsequent  removal  to  give  place  to  an  oateoblast-derived 
bone,  though  ho  speaks  of  the  cartilaginous  cenient  organ 
aa  a  transitory  or  temporary  structure. 

Kflmbraua  PreformativH,. — To  the  student  of  dental 
development,  few  things  are  more  perplexing  than  the  con- 
flicting statements  which  he  reads  in  various  works  aa  to 
the  nature  and  position  of  the  Membrana  preformativa,  of 
which  I  have  hitherto  studiously  avoided  all  description ; 
while  it  ia  not  encouraging,  after  having  mastered  with 
difficulty  some  one  description  of  its  charactei-,  to  find  that 
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maaj  of  the  most  recent  authors  altogether  deny  its  exist 
ence.  I  will  endeavour,  therefore,  so  far  as  I  am  able, 
although  not  myself  believing  in  its  presence,  to  put  the 
matter  iu  a  clearer  light,  and  to  poiiit  out  wherein  lie  the 
discrepancies  of  statement. 

According  to  the  older  theories  of  toath  development, 
under  the  tbrflll  of  which  most  authors  hsive  written,  the 
tooth  germ  wan  in  the  first  instance  a  free,  uncovered  papilla 
of  the  mucous  membrane,  which  subsequently  sank  in  and 
became  encapsulated,  ic,  &c.  (see  page  121).  Moreover,  it 
was  taught  by  the  older  histologists  that  tine  homogeneous 
"  basement  membrauea  "  were  to  be  found  in  a  great  variety 
of  situations,  amongst  others  beneath  the  epithelium  of  the 
mucous  membrane,  and  that  these  were  of  (physiologically J 
much  importance,  inasmuch  as  they  formed  defining  limits, 
through  which  structures  did  not  pass.  As  a  necessary  con- 
sequence of  these  views,  it  was  assumed  as  a  matter  of 
course  that  the  "  dentine  papilla  "  must  be  covered  over  by  a 
■'  basement  membrane,"  or  memhrana  preformativa. 

Thus  this  membrane  necessarily  intervened  between  the 
enamel  organ  and  the  dentine  papilla,  and  hence  gave  rise 
to  difficulties  in  the  understanding  of  the  calcifying  procesE. 
Henle  considered  that  evidences  of  its  presence  speedily 
became  lost,  but  that  ossiiication  proceeded  in  opposite 
directions  upon  the  two  sides  of  this  membrane  :  from 
within  outwards  in  the  case  of  the  enamel,  ft\>m  without 
inwards  iu  the  case  of  the  dentine. 

Prof.  Huxley,  starting  on  the  same  hypothesis  as  to  its 
position,  namely,  that  it  was  between  the  enamel  organ  and 
the  dentine  papilla,  came  to  a  different  conclusion  as  to  its 
after  fate  ;  relying  upon  the  fact  that  a  continuous  sheet  of 
tissue  or  membrane  Can  be  raised  from  the  surface  of  the 
developing  enamel  {see  page  164),  he  concluded  that  this 
was  the  original  memhrana  preformativa,  that  it  afterwards 
became  the  Nasmyth's  membrane,  and   that    enamel  was 
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developed  without  the  direct  participation  of  the  etmniel 
organ,  seeing  that  o.  membrane  sepanited  the  two.  My 
reason  for  doubting  the  correetneaa  of  thetie  coucIuBions  has 
been  there  given ;  the  membrane  so  demoustrabie  is,  I 
believe,  artificiiil,  and  does  not  represent  any  naturally 
existing  structure. 

KoUiker  strongly  affirms  the  eiiiatence  of  the  membrana 
preformativa,  and  in  the  older  edition  of  his  Hisfcle^'y,  held 
that  it  became  converted  into  Nasmyth'a  membrane ; 
although  he  now  gives  a  different  esplanation  of  the  origin 
of  Nasmyth's  membrane,  I  have  not  found  a  detinite  state- 
ment as  to  his  recent  views  of  the  ultimate  fate  of  the 
membrana  preformativa. 

We  have  thus  three  aituatioua  assigned  to  the  mem- 
hrane  covering  tlie  dentine  papilla,  or  membrana  prefor- 
mativa. 

(i.)  Between  the  dentine  and  the  enamel  (Henle). 
(ii.)  Between  the  enamel  and  the  enamel  organ,  or  out- 
side the  enamel  (Husley). 

(iii.)  Between  the  dentine  and  the  pulp  (several  writers  of 
less  authority). 

We  coma  next  to  thoao  writers  who  deny  its  existence 
altogether,  esplainbg  on  other  grounds  the  appearances 
observed. 

Markusen  believed  that  it  was  nothing  more  than  the  part 
of  the  papiUa  first  ossified ;  and  Dr.  Lionel  Beale  definitely 
denies  the  existence  of  a  membrane  :n  any  one  of  the  three 
situations  above  detailed,  as  do  also  HertB,  Wenzel,  and 
Woldeyer. 

Messrs.  Robin  and  Magitot  have  offered  a  plausible  ex- 
planation of  the  appearance  of  a  limiting  membrane  over 
the  pulp,  whicli  is  briefly  this  ;  the  formative  pulp  is  rich 
in  a  clear  substance  of  gelatinous  consistency  (which  in 
fact  forms  its  chief  bulk),  and  which  reminds  the  observer 
of  the  tissue  contained  in  an  umbilical  cord.     This  is  some- 
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what  more  dense  towardB  the  eurfiice,  where  it  forms  & 
matrix  for  the  odontoblasts  and  projecbi  beyond  them,  so 
as  to  look,  in  section  or  at  a  thin  edge,  like  a  sort  of 
vamish  to  the  papilla.  From  its  greater  densit)'  near  the 
surface,  it  mav  become  corrugated,  and  bo  look  like  a 
folded  or  torn  membrane.  I  am  quit*  inclined  to  agree 
with  the  foregoing  explanation. 

I  am  inclined  to  think,  that  but  for  the  errooeous  theories 
that  the  dentine  germ  originated  as  a  free  papilla  on  the 
surface,  which  would  according  to  the  prevalent  view  haTe 
been  necessariiy  invested  tv  a  basement  membrane,  we 
should  never  have  heard  of  a  membrana  preformativa.  At 
all  events  it  is  difficult  to  imagine  that  such  a  membrane 
exists  upon  papilla  formed  at  such  a  great  distance  from  the 
surface  as  those  of  the  snake  or  the  lizard  (Figs.  62  and  63)  : 
and  if  there  be  such  a  membrane,  it  must  be  a  secondary 
development  upon  the  surface  of  the  mass  of  cells  which 
primarily  constitute  tlie  nidiment  of  the  dentine  papilla,  and 
in  that  cose  is  not  a  part  of  the  general  basement  membrane 
of  the  oral  mucous  membrane ;  or  else  it  must  have  been 
carried  above  as  a  sort  of  eul  de  sac  in  front  of  the  inward 
growing  process  of  epithelium,  to  which  in  that  case  it  would 
belong  rather  than  to  the  dentine  germ.  Neither  of  these 
suppositions  commend  themselves  as  probable ;  and  a  still 
greater  obstacle  to  the  acceptance  of  a  membrane  in  this 
position  is  afforded  by  the  structure  of  Marsupial  teeth  (see 
Fig.  34),  in  which  the  membrane  would  be  evei^whcre  pei^ 
forated  by  the  soft  contents  of  the  dentine  and   eiuimel 
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CHAPTER    V. 

DEVBLdPSEENT    OF  THE    JAWa— THE    EliL^PTIOX    . 

At  nn  early  period  in  the  development  of  the  embryo 
there  is  a  single  primitive  buccal  cavity,  which  is  aubae- 
quently  divided  into  a  nasal  and  an  oral  cavity  by  the 
palatine  plates  growing  horizontally  acroae  it  j  the  phatyni 
behind  the  hinder  end  of  the  primitive  buccal  cavity 
remains  undivided.  Both  upper  and  lower  jaws  make  their 
appearance  about  the  twentieth  day  as  little  buds  from  the 
first  visceral  arch,  and  grow  inwards  towards  the  middle 
line  :  those  which  form  the  lower  jaw  reach  to  the  middle 
and  there  coalesce,  those  for  the  upper  jaw  atop  abort,  and 
the  gap  left  between  them  is  filled  by  a  double  downward 
sprouting  process  from  the  forehead,  which  afterwards  forma 
the  intermasillary  bones.  A  failure  in  the  coalescence  of  the 
majillary  processes  with  this  intermaxillary  process,  on  one 
or  both  sides,  results  in  a  single  or  double  hare-lip. 

In  the  lower  jaw  or  mandibular  processes  there  appears, 
about  the  end  of  the  first  month,  a  dense  cord  of  cartilaginous 
consistence,  Meckel's  cartilage,  which  seems  to  serve  as  a 
acaffolding,  giving  form  and  consistency  to  the  lower  jaw 
prior  to  the  occurrence  of  calcification.  Meckel's  cartilage, 
formed  as  two  distinct  halves,  soon  unites  in  the  middle,  and 
then  forms  a  continuous  curved  bar,  the  hinder  ends  of 
which  reach  up  to  the  tympanum. 

About  the  fortieth  day  a  centre  of  ossification  appears  in 
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the  mnndibular  process,  which,  apreading  rapidlj,  soon  forma 
ft  slight  osaeouB  jaw  oiiteide  Meckel's  cartilage,  which  is  not 
however  m  aiiy  way  implicated  in  it,  and  vecy  aoon  begins 
to  wuste  away,  so  thiit  by  the  end  of  the  sixth  month  it  has 
disappeared ;  that  end  of  it  alone  which  exteaded  up  to  the 
^mpanum  does  not  so  waste  away,  but  becomes  ossified  into 
the  malleus.  There,  are,  however,  observers  who  hold  that 
in  some  animals,  at  all  events,  Meckol'a  cartilage  plays  a 
more  active  part  in  ossification  of  the  jaw. 

The  development  of  the  lower  jaw  has  been  accurately 
described  by  Mr.  Bland  Sutton  (Trans.  Odonto.  Soc.,  1883), 
After  the  appearance  of  Meckel's  cartilage,  a  centre  of  calcifi- 
cation appears  at  a  point  below  the  future  mental  foramen, 
to  which  the  name  of  the  dontary  centre  is  given ;  then 
centres  appear  for  the  condyle,  the  coronoid  process,  the 
angle,  and,  at  the  chin,  a  meato-meckeliau  centre. 

An  osseous  network  soon  eonuects  these,  and  a  splenial 
Oalcification  appears  aa  a  ledge  of  bone  on  the  inner  side  of 
.  the  forming  jaw  immediately  above  Meckel's  cartilage  and 
the  inferior  dental  I  p      this  splenial  portion  the 

tooth  germs  stand  1  k  fl  k  pou  a  shelf,"  then  subse- 
quently, as  Meckel  art  li^  trophies,  the  splenial  extends 
downwards  to  fust,  th  th  I  tiiy,  and  so  cuts  off  the 
mylohyoid  branch    f  th       f  dental  nerve,  which  branch 

runs  along  the  groo  p    d  by  Meckel's  cartilage. 

It  will  thus  be  th  t  th     centres  described  by  Mr. 

Bland  Sutton  corr  p  <I  prettj  closely  with  the  several 
bonea  which,  though  m  g  d  tinct,  together  go  to  make 
up    the   mandible  S        p  d       namely,    the  articular, 

angular,  dentory,  a  d    pi       1  bo     s. 

In  the  upper  ja\  tl  tur  parating  the  intermaxillary 
from  the  maxillary  bonea  becomes  obliterated  very  early  on 
the  exterior  surface,  but  it  remains  long  distinguishable  on 
the  palatine  aspect  of  the  bones. 

According  to  Albrecht  the  intermaxillary  bonea  are  deve- 
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loped  each  from  two  centres,  and  for  a  time  there  are 
tmcca  of  suture  separating  these,  ho  that  he  diyides 
the  inter-maxillary  bone  iuto  an  "  endognathion  "  and  an 
"  exognathion." 

The  later  changeR  which  are  undergone  by  the  jaws  during 
the  development,  eruption,  and  loss  of  the  teeth,  have  long 
engaged  the  attention  of  anatomists,  and  amongst  others  of 
Hunter,  who  was  the  first  to  arrive  at  a  tolerably  correct 
appreciation  of  the  process.  In  the  first  edition  of  my 
father's  "  Dental  Surgery,"  the  results  of  a  very  extensive 
f  h  at  ns  carried  out  upon  maxillce  collected  by 
h  m  If  w  d  ta  led,  confirming  in  the  main  Hunter's 
1  na  b  t  adding  many  new  points  to  our  knowledge  i 
and  f    m  th  k  I  have  borrowed  lai^'ely  in  the  present 

hapt  P  fes  Humphrey,  who  had  overlooked  these 
d        pt    n     wh    h  were  never  piibliahed  in  any  other  form 

h  n  aa  trod     tion  to  the  "  Dental  Surgery,"  instituted 

f     p     n    its  upon  growing  animals,  which  tended 
towards  the  same  conclusions. 

As  a  means  of  giving  the  student  a  guide  in  his  reading 
of  the  following  pages,  and  a  clue  to  the  results  towards 
which  he  is  being  led,  a  preliminary  statement,  which  does 
not  pretend  to  scientific  acciuncy,  may  perhaps  be  useful ; 
while  the  description  given  will  I'elate  for  the  most  part  ta. 
the  lower  jaw,  because  its  isolated  position,  bringing  it  inte 
relation  with  fewer  other  bones,  renders  it  more  easy  to 
study  ;  not  that  any  difference  of  principle  underlies  the 
growth  of  the  upper  jaw.  The  different  parte  of  the  lower 
jaw  answer  for  different  purposes  ;  one  division  of  its  body 
having  a  very  close  and  intimate  relation  with  the  teeth, 
the  other  serving  a  distinct  purpose,  and  being  only  secon- 
darily connected  with  the  teeth. 

The  alveolar  portion  of  the  jaw,  that  which  ilea  above  the 
level  of  the  inferior  dental  canal,  is  developed  around  thenailk 
teeth  :  when  they  are  lost,  it  disappears,  to  be  re-formed 
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agiiiii  for  the  aecond  set  of  tenth,  and  is  finally  wholly 
removed  iifter  the  loaa  of  the  t«eth  in  old  uge. 

The  portion  of  jaw  below  this  line,  which  is  esaential  to 
deglutition  and  rcapiratiou,  ia  Itite  in  acquiring  any  con- 
siderable development.  Once  formed  it  is  never  removed, 
save  that  when  in  advanced  old  age  the  muscles  of  mastica- 
tion are  no  longer  in  full  use,  it  becomes,  to  a  alight  extent 
only,  wasted. 

In  orde"  to  understand  the  drift  of  the  following  descrip- 
tion, it  is  essential  to  keep  in  view  the  different  life  histories 
of  those  two  parts  of  the  jaw  just  alluded  to. 

In  an  early  fmtuB,  long  before  the  necessity  for  respiratory 
movement  or  deglutition  has  become  imminent,  a  thin  lamina 
of  bone  has  begun  ta  be  formed  beneath  the  tooth  germs, 
forming,  us  it  were,  a  semicircular  gutter  running  round  the 
jaw,  iu  which  the  developing  tooth  sacs  are  lodged.  The 
thin  gutter  of  bone  thus  formed  is  above  and  outside 
Meckel's  cartilage,  and  intervenes  between  the  rudimentary 
inferior  maxillary  vessels  and  nerves,  and  the  teeth.  The 
sides  of  the  bony  furrow  rise  as  high  as  the  top  of  the  tooth 
germs,  but  they  do  not  arch  over  and  cover  thom  in,  in  such 
manner  as  the  permanent  touth  germs  are  arched  in,  for  the 
long  furrow  is  widely  open  at  the  top. 

Passing  on  to  the  condition  of  the  mandibles  at  the  time 
of  birth,  the  two  halves  are  as  yet  not  anchylosed,  but  are 
united  only  by  fibro -cartilage.  "  The  alveolar  margina  are 
deeply  indented  with  large  open  crypts,  more  or  less  per- 
fectly formed.  The  depth  of  these  bony  cells  is  only  suffi- 
oient  to  contain  the  developing  teeth  and  tooth  pulps,  the 
former  rising  to  the  level  of  the  alveolar  mai^ins  of  the 
jaws.  At  this  period  the  crypts  or  aveolL  are  not  arranged 
in.  a  perfectly  uniform  line,  nor  are  they  all  equally  complete. 
The  septa,  which  divide  into  a  series  of  cells  that  which  at 
an  earlier  age  waa  but  a  continuous  groo\'e,  are  less  perfect 
at   the  back  than  at  the  front  part  of  the  mouth.     The 
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aiveoli  of  the  central  incisorB  of  the  upper  and  the  lower 

Jaws  are  a  little  larger  within  than  at  the  orifice,  and  this 


(')  Upper  and  lower  j; 
been  remoTed  from  tho  jj 


re  calciGed  at  this  period.  {Two-thirda  life  size.)  a.  Alveoli  uf  Utersl 
incisors.  6.  Alveoli  ot  caamee.  c.  AWeoli  of  second  temporary  and  first 
permanent  molara.     A  bristle  hafi  been  passed  through  the  inferior  liental 
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difference  is  made  still  greater  by  a  depreaaion  upon  the 
lingual  wall  of  each  for  the  reception  of  the  pulp  of  the 
oorrespondiug  pennnnent  tooth.  Thoy  are  divided  froin 
the  crypts  of  the  lateral  iociaors  by  a  septum  which  runs 
obliquely  backwards  and  inwards  towards  the  median  line. 
The  sockets  for  the  lateral  incisors  oqciipy  a  position  slightly 
posterior  to  those  for  the  central  teetli,  and  are  divided  from 
alveoli  by  a  septum  which  proceeds  obliijnely 
baokwarda,  and  in  the  lower  jaw,  as  regards  the  median  line 
of  the  mouth,  outwards.  By  the  arrangement  of  these 
diviaions,  the  aiveoli  of  the  central  incisoi-s  are  rendered 
broader  in  front  than  behind,  and  the  relative  (iimenBions  of 
the  sockets  of  the  lateral  teeth  arc  revoraed,  as  shown  in 
Fig.  79.  The  crypts  of  the  canine  teeth  are  placed  a  little 
anteriorly  to  those  of  the  laterals,  and  nearly  in  a  line  with 
those  of  the  central  incisors,  giving  to  the  jawa  a  somewhat 
flattened  anterior  aspect." 

While  the  main  bulk  of  the  lower  jaw  ia  made  up  by  the 
alveoli  of  the  teeth,  in  the  upper  jaw  the  alveoli  descend 
but  little  below  the  level  of  the  palatal  plates,  though  the 
sockets  are  tolerably  deep.  The  antrum  as  a  special  distinct 
cavity  cannot  be  said  to  esist,  being  merely  represented  by 
a  depression  upon  the  wall  of  the  nasal  cavity,  the  alveolar 
cavities  therefore  being  separated  only  by  a  thin  plate  of 
bone  from  the  orbits. 

The  figure  roprcaents  also  the  eitent  to  which  calcification 
has  advanced  in  the  various  teeth. 

A  full  half  of  the  length  of  the  crowns  of  the  central  in- 
cisors, about  half  that  of  the  laterals,  and  the  tipa  only  of 
the  canines  are  calcified ;  the  first  temporary  molars  ar6 
complete  as  to  their  masticating  surfaces ;  the  second  tem- 
porary molars  have  their  cusps  more  or  leaa  irregularly 
united,  in  many  specimens  the  four  cuaps  being  united  into 

ring  of  dentine,  the  dentine  in  the  central  deprosaion  of 
the  crown  not  being  vet  formed.       During  the  formation  of 
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the  permanent  teeth,  veiy  aimilar  relations  exist  between 

the  amount  of  caluitication  in  the  incisore  and  caniuca  ;  thus 
when,  a8  eometimea  happens,  the  developiueut  of  tlie  teeth 
proceediS  very  imperfectly  up  to  a  certain  date,  and  theti 
changes  for  the  better,  it  may  bo  that  the  lower  half  of  the 
crown  of  the  central  inciKor,  somewhat  less  of  the  lateral, 
and  the  extreme  tip  of  the  canine  will  be  honeycombed, 
while  the  remainder  of  the  tooth  will  be  perfect,  thus  per- 
petuatiiig  an  evidence  of  the  stages  to  which  each  of  these 
teeth  had  at  that  particular  period  attained. 

Having  noted  in  some  detail  the  charactei-s  of  the  jaws  of 
a  nine  months  fostus,  we  may  pass  on  to  the  consideration 
of  those  changes  which  precede  the  cutting  of  the  deciduous 
teeth.  A  general  increase  in  size  takes  place,  new  bone  being 
developed  at  all  those  points  where  the  maxillae  are  con- 
nected by  soft  tissue  with  other  bones,  as  well  as  from  their 
own  periosteum.  But  the  increase  in  dimensions  does  not 
take  place  in  all  directions  equally,  so  that  material  changes 
of  form  result. 

In  correspondence  with  the  elongation  of  the  tooth  aacs, 
the  alveoli  become  increased  in  depth,  and  their  edges  circle 
inwards  over  the  tooth  sacs ;  active  development  of  bone 
takes  place  in  the  Biiturea  uniting  the  two  halves  of  the  jaws 
to  one  another,  which  ia  compensated  by  the  inclination 
inwards  of  the  alveoli  of  the  central  incisors.  In  the  lower 
jaw  the  articular  process,  at  tirst  hardly  raised  above  the 
level  of  the  alveolar  border,  rises  rapidly  up,  the  direction 
of  the  ramus  at  first  remaining  oblique,  though  the  angle  of 
the  jaw  becomes  developed  as  a  stout  process  for  the  attach- 
ment of  muBclea,  At  the  age  of  six  momtha  the  symphysis 
is  still  well  marked,  and  the  mental  prominence  first  becomes 
noticeable. 

An  additional  bony  crypt  for  the  first  permanent  molar 
has  also  appeared,  though  its  separation  from  that  of  the 
second  temporary  molar,  from  which  it  was  at  first  in  no  way 
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distiuot,  is  yet  incomplete,  eapecially  in  tha  lower  jaw. 
the  upper  jaw  the  first  permanent  molar  crypt  has  no  p 
terior  vnill ;  bony  calk  for  tho  permanent  central  incbora  i 
well  marked,  but  those  for  the  laterals  are  mere  deop  pita 
the  palatine  wall  of  the  crypts  of  the  tompurary  teeth. 

Fw.  eo  ('), 


At  the  age  of  eight  months,  or  thereabonts,  the  process  of 
the  eruption  of  the  teeth,  or  "  teothiug,"  has  fairly  set  in  ; 
anchylosis  has  taken  place  at  the  symphysis  of  the  lower 
jaW,  the  mental  prominence  is  well  marked,  and  in  the 
upper  jaw  the  antrum  has  become  a  deep  depression,  extend- 
ing under  the  inner  two-thirds  of  the  orbit. 

Postponing  for  the  moment  the  consideration  of  the  erup- 
tion of  the  teeth,  in  order  to  follow  up  the  gi'owth  of  the 
jaws,  it  becomes  necessary  to  tike  some  fixed  points  as 
standards  from  which  to  measure  the  relative  alteration  of 
various  portions  of  the  bone.  In  most  bones,  processes  for 
the  attachment  of  muscles  would  bo  very  unsuitable  for  the 
purpose,  because  they  would  alter  with  the  general  alteration 
intbedimeusiona  of  the  bone:  thus  a  process  situated  at  a 
point  one-third  distant  from  the  articular  extremity  of  a 
long  bone,  will  still  be  found  one-third  distant  from  the  end, 
though  the  bone  has  doubled  in  length.  The  four  little 
tubercles  which  give  attachment  to  the  genio-hyo-glossns  and 
genio-hyoid  muscles  are  not,  however,  open  to  these  objec- 
tions, as  they  are  already,  so  to  speak,  at  the  end  of  the 

(■)  Lower  jaw  of  a  nine-monfts  fcetns. 
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bone,  or,  at  least,  of  each  half  of  it ;  and  their  generai  cor- 
respondence in  level  with  the  inferior  dental  canal,  which  can 
hardly  be  imagined  to  undergo  much  alteration,  indioateB 
that  their  position  is  tolerably  constant. 

The  points  selected  as  landmarks  are  then,  the  epinn 
mentalea,  the  inferior  dental  canal  and  its  orifice,  and  the 
mental  foramen.  The  mental  foramen  itaelf  does  undergo 
slight  change  in  position,  but  this  change  can  easily  bo 
estimated,  and  may  aa  well  nt  once  be  mentioned.  As  the 
jaw  undergoes  increase  in  size,  large  additions  are  made  to 
ita  surface  by  deposition  of  bone  from  the  periosteum.,  neces- 
sarily lengthening  the  canal.  The  additions  to  the  canal 
do  not,  however,  take  place  quite  in  the  line  of  its  original 
course,  but  in  this  added  portion  it  ia  bent  a  little  outwards 
and  upwai-ds.  If  we  nisp  off  the  bone  of  an  adult  jaw  down 
to  the  level  of  this  bend,  a  process  which  nature  in  great 
part  perfoi-uiH  for  ua  in  an  aged  jaw,  or  if  instead  we  make 
due  allowance  for  the  alteration,  the  mental  foramen  becomes 
an  available  fixed  point  for  measurement. 

The  mental  foramen,  which  undergoes  most  of  its  total 
change  of  position  within  a  few  months  after  birth,  comes  to 
correspond  with  the  centre  of  the  socket  of  the  first  tempor- 
ary molar ;  later  on  it  corresponds  with  the  root  of  the  first 
bicuspid,  which  is  thus  shown  to  succeed,  in  exact  vertical 
position,  the  first  temporary  molar. 

On  the  inner  surface  of  the  jaw  the  tubercles  for  the  at- 
tachment of  the  genio-hyo-glossuB  and  genio-hyoid  muscles 
are  in  the  fojtua,  opposite  to,  and  very  little  below,  the  base 
of  the  alveoli  of  the  central  inciaora,  a  position  which  they 
afterwards  hold  with  regard  to  the  permanent  incisors.  The 
upper  of  the  two  pairs  of  procesaea  are  about  at  th'e  same 
general  level  as  the  mental  foramen. 

The  general  result  arrived  at  by  measurementa  taken  from 
these  fised  points  is  that  the  alveolar  arch  occupied  by  the 
teeth  which  have  had  deciduous  predecessors,  namely  the 
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1,  canines,  and  bicuspids,  oorroapond  very  closely  with 
the  whole  ftlveolar  arch  of  the  child  m  whom  the  temporary 
deutitiun  is  complete  ;  nnd  that  the  difiereuces  which  do 
osiflt  are  referable,  not  to  any  fundamental  alteration  in  form 
or  interstitial  growth,  but  to  mere  addition  to  its  exterior 
surface.  Or  more  briefly,  that  the  front  twenty  of  the  per- 
manent succeed  vertically  to  the  places  of  the  temporary 
teeth,  the  increase  in  the  size  of  the  jaw  in  an  adult  being 
due  to  additions  at  the  back,  in  the  situation  of  the  true 
molars,  and  to  other  points  on  the  surface. 

If  measurements  be  taken  across  between  the  inner  plates 
of  the  alveoli  on  either  side  at  the  points  where  they  are 
joined  by  the  septa  between  the  first  and  second  temporary 
molars,  and  at  about  the  level  of  the  genio-hyo-glosaus 
tubercles,  it  will  be  found  that  the  increase  is  alight,  if  any, 
notwithstanding  tiiat  iu  other  dimensions  there  is  a  very 
great  difference  between  the  jaws  of  a  nine-months  frotiis 
and  of  a  nine-oiontha  child. 

Again,  if  an  imaginary  line  be  stretched  across  between 
these  two  points,  and  from  its  centre  a  line  be  drawn 
forwards  to  the  sipina  meutalis  in  the  same  two  jaws, 
this  will  be  found  to  difler  but  little  in  length  in  the  two 
specimens. 

But,  if  instead  of  measuring  to  the  spina  mentalis,  the 
line  had  been  carried  to  the  anterior  alveolar  plate,  a  great 
difference  would  have  been  observable ;  in  point  of  fact,  con- 
temporaneously with  the  development  of  the  crypta  of  the 
permanent  t«eth  inside  them,  the  temporary  teeth  and  their 
outer  alveolar  plates  are  slowly  pushed  outwards,  a  process, 
the  results  of  which  we  see  in  the  separation  which  comes 
about  between  each  one  of  the  temporary  teeth,  prior  to 
their  being  shed,  where  the  process  of  dentition  is  being 
carried  on  in  a  perfectly  normal  manner. 

Measurements  taken  for  the  sake  of  comparing  adult  jawa 
with  thoeo  of  au  eight-niontha   child,  give    closely  similar 
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results,  which  I  have  endeavoured  to  roughly  embody  in 
the  accompanying  figures. 

In  these  it  is  shown  that  the  increase  in  the  dimensions 

Fig.  81  ('). 


of  the  jaw  has  taken  place  in  two  directions  :  by  prolonga- 
tion btVckwardH  of  its  comua  concomitantly  with  the  addition 
at  the  hack  of  the  scries  of  teeth  of  the  true  molars,  wbioh 
follow  one  another  at  considerable  intervals ;  and  by  ad- 
ditions  to  its  exterior  surface  by  which  it  is  thickened  and 
strengthened.  The  study  of  the  growth  of  the  jaw  in 
vertical  depth  is  also  very  instructive.  We  find  that|  as 
has  already  been  mentioned,  the  history  of  that  part  of  the 
jaw  which  lies  below  the  inferior  dental  canal  is  very  different 
from  that  which  lies  above.     From  the  time  of  birth  to  that 

i})  Diagram  representing  a  jaw  of  a  niue-months  foetus,  BnpeiimpoMd 
upon  an  adult  jaw,  to  show  in  what  directions  increa»e  has  taken  place. 
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at  whioh  tlio  tompomry  toeth  begin  to  be  cut,  the  jaw  I 
below  that  lino  bfts  been  niitking  steady  but  slow  progroM 
in  Terticiil  depth  ;   the  alveoli,  above  tliat  line,  have  been 
fur  more  active  but  far  more  intermittent  in  their  develop- 
ment. 
Again,  poBsing  from  the  nine-monthfi  fa'tiia  to  the  seven- " 


82  (I). 


jeatB-old  child,  in  whom  tlio  temporary  dentition  is  com- 
plete, the  framework  of  tiio  jaw  below  our  imaginary  line  lias  \ 
attained  to  a  depth  almost  eijiial  to  that  whicli  it  it 
have  in  an  adult ;  in  the  adult  again  it  cfirresponda  pretty 
well  with  that  in  an  aged  jaw.  The  idveolar  portion,  how- 
over,  is  far  deeper  in  the  adult  than  in  the  child  (this 
difference  ia  not  sufficiently  well  marked  in  the  figure),  and 
in  fact  constitutes  almost  the  whole  increase  in  vertical 
dimensions  down  the  passage  ttoxa  the  child's  to  the  adult's 
form  of  the  jaw. 

In  the  lower  jaw 'we  may  take  it  as  proven  that  the 
basal  portion  haa  little  relation  to  the  development  of 
the  teeth,  but  that  the  alveolar,  or  upper,  portion  is  in 
entire  and  absolute  dependence   upon  them,   a  point  to 

(')  Lowur  jftw.      Tho  horiyontal  line  raarkg  tlio  IdvbI  of   the  interior 


precise   means  by  which   the   enlargement    of  the  jaw  ifl 
effected. 

To  a  slight  extent  there  is  formation  of  bone  going  on  at 
the  symphj-Bis,   prior   to   tho   eoirplete   anchylosia   takiDg 

(')  Lower  jaw  of  an  adnli. 

(')  Lower  jaw  of  bd  aged  pecaoD,  tbe  Jotted  lines  indicatioe  the  antline 
of  tbe  parts  remoTed  by  abeorption,  as  tbe  jaw  asaumes'  ■ 
letiMic  of  advanced  age. 
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place  ;  the  share  takea  by  this  in  increasing  the  size  of  the 
jaw  would,  however,  appear  to  be  but  small,  after  the  ter- 
minHtion  of  the  intra-titeriue  period,  Additioiia  to  the 
i«urface,  at  the  edges  of  the  alveoli  and  at  the  base  of  the 
'j'aw,  are  ooutinuallj  going  on,  and  bring  abont  that  addition 
to  the  esterior  already  noticed. 

Bnt  the  main  increase  in  the  size  of  the  jaw  has  been  in 
;the  direction  of  backward  elongation ;  iu  this,  as  Kiilliker 
first  pointed  out,  the  thick  articular  cartilage  plays  an  im- 
portant part.  The  manner  in  which  the  jaw  is  formed 
might  also  be  described  aa  wasteful ;  a  very  large  amount 
of  bone  is  formed  which  is  subscqiiontly,  at  no  distant  date, 
removed  again  by  absorption  ;  or  we  might  compare  it  to  a 
modelling  procesa,  in  which  thick,  comparatively  shapeless 

les,  are  dabbed  on  to  be  trimmed  and  paved  down  into 
form. 

To  bring  it  more  clearly  home  to  the  student's  mind,  if 
all  the  bone  ever  formed  were  to  remain,  the  coronoid  pro- 
cess would  extend  from  the  condyle  to  the  region  of  the  first 
bicuspid,  and  all  tlie  teeth  behind  that  would  be  buried  iu 
its  base  :  there  would  be  no  "  neck  "  beneath  the  condyle, 
but  the  internal  oblique  line  would  be  a  thick  bar,  corre- 
sponding in  width  with  the  condyle.  It  is  necessary  to 
■fully  realise  that  the   articular   surface  with  its  cartilage 

jucoeasively  occupied  every  spot  along  this  line  ;  and  as 
it  progresses  backwards  by  the  deposition  of  fresh  bone  in 
ite  cartilage,  it  has  been  followed  up  by  the  process  of 
absorption  removing  all  that  was  redundant. 

On  the  outer  surface  of  the  jaw  we  can  frequently  diacem 
&  slight  ridge,  estunding  a  short  distance  from  the  head  of 

bone ;  but  if  the   prominence  were   preserved  on  the 

r  surface,  the  inferior  dental  artery  and  nerve  would  be 
turned  out  of  their  course.  We  have  thus  a  speedy  removal 
of  the  nowly-fonned  bone,  so  that  a  concavity  lies  imme- 
diately on  tbe  inner  side  of  the  oondyle ;    and  microscopic 
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examination  of  the  booe  at  this  point  shows  thiit  tlie  lacuBiD 
of  Howship,  those  characteristic  evidences  of  absorption, 
abundantlj  cover  its  surface,  showing  that  here  at  least 
absorption  is  most  actively  going  on. 

In  the  same  way  the  coronoid  process,  beneath  the  base 
of  which  the  first,  second,  and  third  molars  have  successively- 
been  formed,  has  moved  backwards  by  absorption  acting  on 
its  anterior,  and  deptosition  on  its  posterior  surfaces. 

The  periosteimi  covering  the  back  of  tlie  jaw  is  also  active 
in  forming  the  angle  and  the  parts  thereabouts. 

It  is  worth  while  to  add  that  the  direction  of  growth  in 
young  jaws  is  marked  by  a  series  of  minute  ridges ;  in  like 
manner  the  characteristic  marks  of  absorption  are  to  be 
found  about  the  neck  of  the  condyle,  imd  the  front  of  the 
coronoid  process,  and  those  of  active  addition  about  the  pos- 
terior border,  no  that  the  above  statements  rest  upon  a  basis 
of  observation,  and  are  not  merely  theoretical.  Two  cases  of 
arrested  development  of  the  jaw  ("  Dental  Surgery,"  p.  108) 
lend  a  species  of  experimental  proof  to  the  theory  of  the 
formation  and  growth  of  the  jaw  above  given. 

There  are  authors,  however,  who  maintain  that  the  growth 
of  the  jaws  is  not  merely  a  backward  elongation  of  the 
oornua,  together  with  additions  to  the  external  surface,  but 
that  an  "  interstitial  growth  "  takes  place. 

Wedl  inclines  to  this  latter  view,  and  tiie  question  cannot, 
I  think,  be  held  to  be  absolutely  settled.  Altliough  it  is 
difficult  to  form  any  definite  conception  of  interetitial  growth 
in  a  tissue  so  dense  and  unyielding  as  bone,  so  that  the  doc- 
trines promulgated  in  the  foregoing  pages  have  the  support 
of  a  priori  probability,  there  are  some  rather  paradoiical 
facts  to  be  met  with  in  comparative  odontology.  Never- 
theless, there  can  be  no  doubt,  that  backward  elongation  as 
teeth  are  successively  added,  ifcc,  is  sufficiently  near  the 
truth  in  the  case  of  human  and  most  mammalian  jaws  for 
practical  purposes. 
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It  remains  to  notice  the  changes  in  form  which  the 
ascending  ramus  and  the  angle  of  the  jaw  undergo.  In 
the  foetus  the  ramus  is  but  little  out  of  the  line  of  the  body 
of  the  jaw,  and  the  condyle  little  raised  above  the  alveolar 
border. 

Gradually  the  line  of  development,  as  is  indicated  even  in 
the  adult  jaw  by  the  course  of  the  inferior  dental  canal,  takes 
a  more  upward  direction ;  copious  additions  of  bone  are 
made  on  the  posterior  border  and  about  the  angle,  so  that  in 
an  adult  the  ramus  ascends  nearly  at  right  angles  to  the  body 
of  the  jaw. 

In  old  age,  concomitantly  with  the  diminution  of  muscular 
energy,  the  bone  about  the  angle  wastes,  so  that  once  more 
the  ramus  appears  to  meet  the  body  at  an  obtuse  angle. 
But  all  the  changes  which  mark  an  aged  jaw  are  the  simple 
results  of  a  superficial  and  not  an  interstitial  absorption,  cor- 
responding with  a  wasting  of  the  muscles,  of  the  pterygoid 
plates  of  the  sphenoid  bone,  &c. 
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The  mechanism  by  which  teeth,  at  the  date  of  eruption, 
ure  pushed  upwards  into  place,  is  far  from  being  perfectly 
"Understood.  The  simplest  theory  would  appear  to  be  that 
they  rise  up,  in  consequence  of  the  addition  of  dentine  to 
their  base  ;  in  fact  that  their  eruption  is  due  to  the  elonga- 
tion of  their  fangs. 

Various  very  strong  objections  have  been  brought  forward, 
clearly  proving  that  this  cause  is  quite  inadequate  to  explain 
all  that  may  be  observed.  In  the  first  place,  teeth  with  very 
stunted  roots — which  may  be  practically  said  to  have  no 
root— are  often  erupted.  Again,  a  tooth  may  have  the 
whole  length  of  its  roots  completed,  and  yet  remain  buried 
in  the  jaw  through  half  a  person's  life,  and  then,  late  in  life, 
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be  erupted.  MoreoTer,  when  a  healthy  normal  tooth  is  being 
erupted,  the  distance  travelled  by  its  crown  materiaUy  ex- 
ceeds the  amount  of  addition  to  the  length  of  its  roots  which 
has  gone  on  during  the  same  time. 

To  turn  to  comparative  anatomy,  the  tooth  of  a  crocodile 
moves  upwanls,  tooth  pulp  and  all,  obviously  impelled  by 
something  different  from  mere  elongation;  and  my  own 
researches  uiK»n  the  development  and  succession  of  rep- 
tilian teeth  clearly  show  that  a  force  quite  independent  of 
increase  in  their  length  shifts  the  position  of,  and  "  erupts '' 
successive  teetli.  But  what  the  exact  nature  of  the  impulse 
may  be,  is  an  unsolved  riddle  :  the  explanations  which  I  have 
read  being,  to  my  mind,  less  satisfying  than  the  admission 
that  we  do  not  know. 

Towards  the  eighth  month  of  childhood  the  bony  crypts 
which  contain  the  temix>rary  teeth  in  the  front  of  the  mouth 
begin  to  be  removed.  The  process  of  absorption  goes  on 
with  greater  activity  over  the  fronts  of  the  cronTis  than  over 
their  apices,  so  that  almost  the  whole  outer  wall  of  the 
alveoli  is  removed.  At  the  back  of  the  mouth  the  crypts 
still  retain  their  inverted  edges  ;  indeed,  "development  of  the 
cn'pts  is  still  going  on  in  this  piirt  of  the  mouth. 

When  a  tooth  is  about  to  be  cut,  verj'  active  absorption  of 
its  bony  surroundings  goes  on,  particularly  on  the  anterior 
surface,  the  bone  behind  it  being  still  required  as  forming 
part  of  the  crypt  of  the  developing  successional  tooth.  But 
no  sooner  has  the  crown  passed  up  through  the  very  wide 
and  free  orifice  so  formed,  than  absorption  gives  place  to 
deposition,  and  the  bone  rapidly  developes  so  as  to  looBely 
embrace  the  neck  of  the  tooth. 

Additions  to  the  margin  of  the  alveoli  keep  pace  wiA 
the  gradual  elongation  of  the  roots  of  the  teeth ;  as  this  tf 
a  moderately  rapid  process,  the  alveolar  portion  of  the  jft* 
increases  in  depth  almost  abruptly. 

But  it  does  not  do  so  uniformly  all  over  the  mouth ;  if  it 
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M,  the  teeth  could  only  be  oloaed  at  the  back  of  the  mouth, 
iless  the  rami  olongated  by  an  eriually  auddeii  accession  ol' 
!w  bone. 

The  front  teeth  are  enipted  first,  and  the  jaw  deepens 
■St  in  front :  later  on  the  back  teeth  come  up  aud  the  jaw 


deepened  posteriorly  j   meanwhile  the  elongation  of  the 

has  been  going  on  slowly,  but  without  interruption, 

^UB  1b  brought  about  a  condition  of  porta  allowiug  of 

be  whole  series  of  teeth  coming  into  their  proper  mutual 

juitagoniam. 

It  was  pointed  out  by  Trousseau  that  the  eruption  of  the 
teeth  is  not  a  continuous  process,  which,  once  commenced,  is 
■ttaried  on  without  iutcimisBion  to  its  completion,  but  that  it 


"  (')  3a.vs  of  a,  mnlo  niti' 


nontliB  oIJ,  in 


riiiition  of  the  teeth 
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is  interrupted  by  periods  of  repose.  The  teeth  are,  according 
to  his  atatemeat,  cut  in  groups  ;  the  eruption  of  tlie  teeth  of 
each  group  being  rapid,  and  being  succeeded  by  a  complete 
cessation  of  the  process.  Individual  variations  are  Dume> 
ruus ;  the  following  may  be  talien  as  an  approximation  to 
the  truth ;  — 

The  lower  centrals  are  erupted  at  an  age  rnn^ngfrom  six 
to  nine  months  j  their  eniption  is  rapid,  and  is  completed  in 
ten  days  or  thereabouts ;  then  follows  a  rest  of  two  or  three 
months. 

Next  come  the  four  upper  incisors ;  a  rest  of  a  few 
months ;  the  lower  laterals  and  the  four  first  m-olars  ;  then 
a  rest  of  four  or  five  months. 

The  canines  are  peculiar  in  being  the  only  teeth  of  the 
temporary  set  which  come  down  between  teeth  already  in 
place.  To  tliis,  as  well  as  to  the  greater  length  of  their 
root  (though  it  is  not  quite  clear  what  this  has  to  do  with 
it),  Trousseau  ascribes  the  great  length  of  time  which  their 
eruption  occupies,  it  taking  two  or  three  months  for  its  com- 
pletion. According  to  him,  children  suffer  more  severely 
from  constitutional  disturbance  during  the  cutting  of  these 
tectli  than  that  of  any  other,  but  Dr.  West  thinks  that  the 
eruption  of  the  first  molars  causes  the  most  suffering.  It 
may  also  be  noted  that  the  canines  during  their  develop- 
ment lie  farther  from  the  alveolar  l>order  than  do  the  other 
teeth,  so  that  they  travel  a  greater  distance  :  obviously,  not 
merely  from  the  elongation  of  the  root,  which  is  wholly 
inadequate  to  effect  such  a  change  in  position. 

The  dates  of  the  eriiption  of  the  milk  teeth  vary  much, 
no  two  authors  giving  them  alike ;  but  tlie  whole  of  the 
deciduous  teetli  are  usually  cut  by  the  completion  of  the 
second  year.  Cases  in  which  incisors  have  been  erupted 
before  birth  are  not  very  uncommon.  At  a  time  when  the 
crowns  of  all  the  deciduous  teeth  have  been  fully  erupted, 
their  roots  are  still  incomplete,  and  are  widely  open  at  theii- 


ERUPTION    OF    THE    TEETH. 


2!)5 


h&vs,  BD  that  it  is  not  till  between  the  fourth  and  Bixth 
yefira  that  the  temporary  aet  of  teeth  can  be  ealled  abso- 
lutely complete. 

At  the  sixth  year,  preparatory  to  the  appearauce  of  any 


of  the  permanent  teeth,  the  temporary  teeth  may  be  observed 
to  be  slightly  separated  from  each  otlier ;  they  liave  t;ome  to 
oeciipy  a  more  anterior  position,  pushed  forward,  it  may  bo, 
by  the  great  increase  in  size  of  the  crypt  of  the  permanent 
teeth  behind  them.  The  general  relation  of  these  to  the 
temporary  teeth  may  be  gathered  from  the  accompanying 
figure,  in  which  it  will  be  noticed  that  the  canines  lie  far 
above  and  altogether  out  of  the  line  of  the  other  teeth,  and 
that  a  alight  degree  of  overlapping  of  the  edges  of  the  per- 
manent central  and  lateral  incisors  exists. 

The  bicuspids  lie  in  bony  cells  which  are  embraced  prettj- 
dosely  by  the  roots  of  the  terapot  iry  molars,  and  it  hence 

(']  Koroial  weU-formed  jawB,  from  which  tbe  alveolar  plate  haa  been  iu 
'  great  part  removed,  so  as  to  esjKise  tha  doTaloping  permanent  teeth  in 
P       thair  crjpta  ia  tlie  jana. 
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happens  that  extraction  of  the  latter  sometimes  bringa  them 
awjiy  in  tlieir  entirety. 

The  firat  permanent  molars  ore  erupted  in  a  manner  cloaely 
similar  to  tliat  described  its  occurring  with  the  temporary 
teeth ;  that  is  to  say,  their  bony  crypta  become  widely 
opened  out  by  absorption,  the  crown  pasaen  out,  and  nt-w 
Ijone  ia  rapidly  formed  which  embracoH  the  neck,  prior  to 
liny  considerable  length  of  root  being  formed. 

Last,  then,  follows  the  absorption  of  the  root  of  the  tem- 
porary teeth,  a  matter  first  accurately  investigated  by  my 
father.  The  root  at  or  near  to  its  end,  betomes  excavated 
by  shallow  cup-ahaped  depressions  ;  these  deepen,  coalesce, 
and  thus  gradually  the  whole  is  eaten  away.  Although  ab- 
sorption usually  commeiiceB  on  that  side  of  the  root  which 
is  nearest  to  the  auccessional  tooth,  it  by  no  means  invari- 
ably does  so  ;  it  may  be,  and  often  ia,  attacked  on  the  oppo- 
site side,  and  in  many  places  at  once. 

The  cementum  is  usually  attacked  first,  but  eventually 
dentine,  and  even  enamel,  come  to  be  scooped  out  and 
removed  by  an  extension  of  the  process.  That  part  of  the 
dentine,  however,  which  immediately  surrounds  the  pulp 
appears  to  have  move  power  of  resistance  than  any  other 
part  of  the  tooth,  and  thus  often  persists  for  a  time  as  a  aort 
of  hollow  column.  The  absorption  of  the  temporary  teeth 
is  absolutely  independent  of  pressure ;  the  varying  poaition 
of  the  excavation  has  already  been  noticed,  and  it  may  be 
added  that  in  many  lower  animals,  for  example,  the  frog  or 
the  crocodile,  the  growing  tooth  sac  passes  bodily  into  the 
excavation  made  before  it  in  the  base  of  the  tooth  which  has 
preceded  it,  while  if  pressure  had  had  any  share  in  the  matter 
the  cells  of  its  enamel  organ,  Ac,  must  have  inevitably  been 
crushed  and  destroyed. 

Again,  when  the  absorption  and  shedding  of  the  firet  teeth 
have  taken  place  early,  before  their  successors  are  ready  to 
appear,  perfect  little  sockets   arc  formed  behind    the  lost 
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\  tomporary  teeth,  cutting  them  off  from  tho  permanent  teeth 
I  destined  to  follow  them.  Abaorption,  too,  nuiy  attack  the 
I  roots  of  permuueut  teeth,  which  is  anothev  reason  for  regard- 


ing   the   procefia   as   not   necBBsarily   dependent   upon  tho 

Approach  of  a  displacing  tooth.     Closely  applied  to  the  ex- 

'OBvation  produced  by  abaorption  ia  a  mass  of  veiy  vascular 

I  soft  tissue,  the  so-called  absorbent  orgiui.     The  surface  of 

('}  JawB  of  a  rix-jear-Dld  cbild.     In  Cho  upper  ja.w  cciuplete  eocketa  ore 
[   Mm  where  the  tamporar;  inciaois  have  been  slied. 
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thu  IB  compoBCtt  of  very  large  peciiliar-lookjng  cells,  bearing 
gome  little  rcaembirtnc«  to  those  known  as  "  myeloid  cells," 
or  the  "giatit  cella"  of  recent  authora.  MicroHCopic  ei- 
.  amination  of  the  excavated  surface  shows  it  to  be  covered 
with  amall  hemispherical  indentations,  the  "  Iticiinn;  of  How- 
ship,"  into  each  of  which  one  of  the  giant  cells  fitted,  and  in 
which  they  may  sometimes  be  seen  in  situ. 

In  what  manner  these  giant  cells,  or  "  osteoclasts,"  effect 
their  work  is  not  known,  but  their  presence  where  absorption 
of  hard  tissues  is  going  on  is  universal.  Some  suppose  that 
they  put  forth  amcebiform  processes,  others  that  tliey  secrete 
an  acid  fluid,  but  nothing  very  definite  is  known ;  a  curious 
parallel  is  afforded  by  the  manner  in  which  a  fungus  oan 
drill  and  tunnel  through  and  through  the  dentine,  as  may  be 
very  constantly  observed  in  teeth  long  buried. 

The  process  of  absorption  once  commenced  noes  not  neces- 
sarily  proceed  without  intermission,  but  may  give  place  for 
a  time  to  actual  deposition  of  osseous  tissue  on  the  very  sur- 
face eroded  ;  probably  by  the  agency  of  the  absorbent  cells 
themselves,  which  are  capable  of  being  calcified  in  the  exoa- 
vations  they  have  individually  made. 

These  alternations  of  absorption  and  deposition,  so  com- 
mon a  result  of  inflammations  of  the  pulp,  or  of  the  atveolo- 
dental  periosteum,  as  to  be  diagnostic  of  the  former  occurrence 
of  these  maladies,  often  occur  during  the  normal  process  of 
the  removal  of  the  deciduous  teeth,  and  result  in  the  deposi- 
tion of  a  tissue  not  unlike  cementum  in  excavations  made 
in  the  dentine,  or  even  in  the  enamel. 

The  eruption  of  the  permanent  teeth  is  a  process  closely 
analogous  to  that  of  the  temporary  set.  Rapid  absorption 
of  the  bone,  especially  on  the  exterior  surface  of  the  crypts, 
takes  place,  and  an  orifice  very  much  larger  than  the  crown 
of  the  tooth  is  quickly  opened  out. 

Hence  it  is  that  the  sligbtest  force  will  suffice  to  determine 
the  direction  assumed  by  the  rising  crown  :  a  fragment  of  a 
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J      root  of  a  temporary  tooth,  tlie  action  of  the  lips  and  tongue, 

'      Ac,,  are  all  poteat  agencies  in  modifying  the  arrangement  of 
the  teeth. 

The  temporary  teeth  stood  vertically,  the  permanent 
teeth  in  front  of  the  mouth  stand  obliquely,  thus  opening 
a  space  between  the  lateral  incisors  and  the  first  bicuspid 
for  the  canine,  which  during  doYclopment  ivas  out  of  tho 
line  altogether.  And,  inasmuch  as  the  crowns  of  the  teeth 
are  on  the  whole  much  larger  than  their  necka,  it  would 
be  manifestly  impossible  for  them  all  to  come  don*u  simul- 

],      taneonsly. 

I  The  permanent  teeth  usually  make  their  appearance  in 

!the  following  order : — First  permanent  molara,  about  the 
seventh  year  ;  a  Uttle  later,  the  lower  central  incisors,  upper 
centrals  and  laterals,  the  first  bicuspids,  the  canines,  the 
second  bicuspids,  the  second  permanent  mohira,  the  third 
L      permanent  molars. 

1'        The  period  of  eruption  is  variable.     From  a  comparison 
of  several  tables,  I  find  the  principal  discrepancies  to  relatfl 
to  the  date  of  the  appearance  of  tho  canines  and  the  second 
li     bicuapida.     The  canine  would  certainly  appear  to  belong  to 
the  eleventh  and  twelfth  years  ;  but  some  authors  consider 
'     that  the  second  bicuspid  is  usually  cut  earlier,  others  later 
'    than  this  date. 

!We  may  now  revert  to  the  phenomena  observed  in  the 
alveolar  processes.  They  were  first  built  up  as  crypts  with 
overhanging  edges  enclosing  the  temporary  teeth  :  then  they 
■were  swept  away,  in  great  part,  to  allow  of  the  eruption  of 
,  the  temporary  teeth  ;  and  next  they  were  rebuilt  about  their 
I     Qeoks,  to  form  their  sockets. 

iOnce  more,  at  the  fall  of  the  deciduous  teeth,  the  alveoli 
are  swept  away,  the  crypts   of   the  permanent  teeth   are 
widely  opened,  and  the  permanent  teeth  come  down  through 
the  gaping  orifices. 
When  they  have  done  so,  the  bone  is  reformed  so  as  to 
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closely  embrace  their  necks,  and  this  at  a  period  wheu  but 
little  of  the  root  has  been  completed, 

Tiike  for  example  the  first  upper  or  lower  molars  :  their 
short  and  wideSy  open  roots  occupy  the  whole  depth  of  the 
sockets,  and  reach  respectively  nearly  to  the  floor  of  the 
antrum  aud  the  inferior  dental  canal.  No  growth,  there- 
fore, can  possibly  take  place  in  these  directions  ;  the  utmost 
available  depth  has  already  been  reached,  and  as  the  roots 
lengthen  the  sockets  must  be  deepened  by  additions  to  their 
free  edges. 

It  is  impossible  to  insist  too  strongly  upon  this  fact,  that 
the  sockets  grow  up  witii  and  are  moulded  around  the  teeth 
as  the  latter  elongate.  Teeth  do  not  come  down  and  take 
possession  of  sockets  more  or  leas  ready  made  and  pre- 
existent,  but  the  socket  is  subservient  to  the  position  of  the 
tooth  ;  wherever  the  tooth  may  chance  to  get  to,  there  its 
socket  will  be  built  up  round  it. 

Upon  the  proper  appreciation  of  this  fact  depends  our 
whole  understanding  of  the  mechanism  of  teething ;  the 
position  of  the  teeth  determines  that  of  the  sockets,  and  the 
form  of  the  pre-existent  alveolar  bone  has  little  or  nothing 
to  do  with  the  disposition  of  the  teeth. 

During  the  period  of  eruption  of  the  pernianont  teeth  the 
level  of  the  alveolar  margm  is  seen,  in  a  dried  skull,  to  be 
extremely  irregular,  the  edges  of  the  sockets  corresponding  to 
the  necks  of  the  teeth,  whether  they  have  attained  to  their 
ultimate  level,  or  have  been  but  just  cut. 

And  when  temporary  teeth  have  been  retained  for  a  longer 
period  than  is  natural,  they  sometimes  become  elevated  to 
the  general  level  of  the  permanent  teeth  (which  is  consider- 
ably higher  than  that  of  the  temporary  teoth)j  so  that  they 
take  their  share  of  work  in  mastication.  When  this  is  the 
case  the  alveoli  are  developed  round  theoi,  and  come  to 
occupy  with  their  tooth  a  higher  level  than  before. 

Enough  has  perhaps  been  said  to  illustrate   the  entire 
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dependence  of  the  alveoh  upon  the  tBeth,  a  relation  of  which 
dentists  every  day  avail  themselves  in  the  treatment  of 
regulation  cases;  it  lemauw  to  say  a  few  words  aa  to  the 
forces  which  do  deterinme  the  position  of  the  teeth. 

Inasmuch  as  when  a  tooth  lea\es  ita  bony  crypt,  tho  bone 
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does  not  at  first  closely  embrace  it,  but  its  socket  is  much 
too  large  for  it,  a  very  small  force  is  sufficient  to  deflect  it 
And,  indeed,  a  very  alight  force,  constantly  operating,  is 
sufficient  to  materially  alter  tho  position  of  a  tooth,  even 
■when  it  has  attained  to  its  full  length. 

Along  the  outside  of  the  alveolar  arch  the  muscular  lips 
are  exercising  a  very  symmetrical  and  even  pressure  upon 
the  crowns  of  the  teeth ;  so  also  the  tongue,  with  equal 
symmetry,  is  pushing  them  outwards  :  between  tho  two  forces, 

(')  Pram  a  child  nged  foart«en.  Tbe  specimen  well  exeiu;i]>fies  tlis  fiict 
tliat  the  height  of  the  olTGoliLr  edge  cDiresponds  exactly  to  the  pasition  of 
the  Deck  of  each  tooth,  on.  which  it  U  wholly  dependent.  A  t«mpatar; 
tooth  (the  first  right  lower  temporary  mulsr)  has  been  elevated,  so  that  it 
hai  attuned  to  tho  level  of  the  surroundiDg  permaDeiit  teetli,  And  the  edge 
of  the  BDuket  foUuMS  the  level  of  the  iieck  of  the  tooth. 
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the  lipa  and  the  tongue,  the  teeth  natunilly  become  moulded 
into  a  Bym metrical  arch.  That  the  hpa  and  tongue  are  the 
agencies  which  mainly  model  the  arch  ia  very  well  illiiatrated 
by  that  which  hajipona  in  persons  who  have  from  childhood 
suffered  from  enlargement  of  the  tonsils,  or  from  adenoid 
growtlia  in  the  pharynx,  and  are  consequently  obliged  to 
through  an  open  mouth.  This  causes  a  slight 
1  the  tension  of  the  lips  at  the  corners  of  the 
mouth,  and  ia  impressod  upon  the  alveolar  areh  as  an 
inwai-d  bending  of  tlie  bicuspids  at  that  point;  thus  persons 
with  enlarged  tonsils  will  be  found,  almost  invariably,  to 
present  one  of  the  forms  of  mouth  known  aa  V-ahapad. 

But  Dr.  Norman  Kingaley  attaches  far  more  importance 
to  disturbed  innervation  than  to  any  mechanical  causes,  and 
refers  most  dental  irregularities  to  unhealthy  conditions  of 
the  child's  nervous  system. 

When  the  crowns  of  the  teeth  have  attained  such  a  level 
aa  to  come  in  contact  with  their  oppoaing  teeth,  they  very 
speedily,  from  ■  readily  intelligible  mechanical  causes,  are 
forced  into  a  position  of  perfect  correspondence  and  an- 
tagonism ;  and  even  at  a  somewhat  later  period  than  that  of 
ernptiouj  if  this  antagonism  bo  interfered  with,  the  teeth  will 
often  riae  up  so  aa  to  readjust  themselves  in  this  respect. 

The  roots  of  the  central  incisor  teeth  are  completed  at 
about  the  tenth  year,  the  laterals  a  little  later. 

The  canines  are  not  quite  complete  at  the  twelfth  year,  but 
both  first  and  second  bicuspids  are. 

The  first  permanent  molar  is  completed  between  the  ninth 
and  tenth  year. 

The  second  permanent  molar  between  the  sixteenth  and 
seventeenth  year. 

The  third  between  the  eighteenth  and  twentieth. 

These  data  are  taken  from  a  paper  by  Dr.  Pierce  {Dental 
Cosmos,  1884). 
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THE  ATTiCHMEST   OF  TEETH. 

Although  the  Turious  methoda  by  which  teeth  are  fised  in 
their  position  upoa  the  bones  which  carry  them  pass  by 
gradatioaa]  forms  into  one  another,  so  that  ft  simple  and  at 
the  same  time  absolutely  correct  olaseification  is  impossible, 
yet  for  the  purposes  of  description  four  principal  methods 
may  be  enumerated,  namely,  attachment  by  means  of  fibrous 
membrane,  by  a  hinge,  by  anchylosis,  and  by  implantation 
n  bony  sockets, 

AttacIimfliLt  by  meuLB  of  Fibroaa  Membrane. — An 
escellent  illustration  of  thia  manner  of  implantation  is 
afforded  by  the  Sharks  and  Rays,  in  which  the  teeth  have 
no  direct  connection  with  the  cartilaginous,  more  or  less 
calcified,  jaws,  but  are  embedded  solely  in  the  tough  fibrous 
mucous  membrane  which  covers  them.  This,  carrying  ■with 
it  the  teeth,  makes  a  sort  of  sliding  progress  over  the  curved 
surface  of  the  jaw,  bo  that  the  teeth  onco  situated  at  the 
inner  and  lower  border  of  the  jaw,  where  fresh  ones  are 
constantly  being  developed,  rotate  over  it,  and  come  to 
occupy  the  topmost  position  (cf.  description  of  the  denti- 
tion of  the  sharks),  That  the  whole  Hbrous  gum,  with  the 
attached  teeth,  does  really  so  slide  over  the  surface  of  the 
jaw,  was  accidentally  demonstrated  by  the  result  of  an 
injury,  which  had  been  inflicted  upon  the  jaws  of  a  shark. 

Tlie  fibrous  bands  by  which  each  individual  tooth  of  the 
shark  is  bound  down  aro  merely  portions  of  that  same  sheet 
of  mucous  membrane  which  fumiahtd  the  dentiue  papillte ; 
an<i  the  gradual  assumption  of  the  fibnllated  structure  by 
that  portion  of  the  mucous  membrane  which  is  contiguous 
to  the  base  of  the  dentine  papdla  maj  be  traced,  no  such 
fibrous  tissue  being  found  at  the  bise  of  joung  papillse,  and 
very  dense  bands  being  attached  to  the  bases  of  the  gom- 
pleted  calcified  teeth.. 
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A  large  number  of  fiali  have  their  teeth  attaeheii  to  short 
pedeutftls  of  boDe  by  meaoa  of  a  sort  of  atinular  ligtunent, 
which  allows  of  a  slight  degree  of  mobility. 

By  the  limitatioii  of  this  ligament  to  one  aide,  where  i£  is 
greatly  strengthened,  we  pass  by  eaay  transitionB  to  those 
more  Bpecialised  arrangements  cbiiracteristio  of  hinged 
teeth. 

Attaduuent  by  an  Elastic  Kinffe. — The  possession 
of  ni'ivealile  teeth,  able  to  yield  to  pressure  and  subsequently 
to  resume  the  upright  position,  was  formerly  supposed  to  be 
confined  to  the  Lophius  (Angler)  and  its  immediate  allies. 
I  have  however  found  hinges  in  the  common  Plk-j  (Esox), 
and  in  the  Gadidic  {Cod  tribe) ;  so  that,  as  they  occur  in 
these  fish  so  widely  removed  from  one  another  in  other 
respects,  it  is  probable  that  fnrther  investigation  will  bring, 
and  indeed  is  bringing,  to  light  many  other  esamples  of 
this  very  peculiar  method  of  attachment,  emiuently 
united  to,  and  hitherto  only  discovered  in,  fish  of  predatory 
habits. 

In  the  Angler,  which  obtains  its  food  by  lying  in  ambush 
on  the  bottom,  to  which  it  is  closely  assimilated  in  colour, 
many  of  the  largest  teeth  are  so  hinged  that  they  readily 
allow  an  object  to  pass  into  the  mouth,  but  rebounding 
again,  oppose  its  egress.  These  teeth  are  held  in  position 
by  dense  fibrous  ligaments  radiating  from  the  posterior  side 
of  their  bases  on  to  the  subjacent  bone,  while  the  fronts  of  the 
bases  of  the  teeth  arc  free,  and,  when  the  teeth  are  pressed 
towards  the  throat,  rise  away  from  the  bone.  The  elasticity 
of  the  ligament  is  such  that  when  it  has  been  compressed 
by  the  tooth  bending  over  towards  it,  the  tooth  returns  it 
instantly  into  position  with  a  snap.  Many  of  the  teeth  of 
the  Angler  are,  like  most  fishes'  teeth,  anchylosed  firmly. 

The  Hake  (Merlucius,  one  of  the  Gadidse)  possesses  two 
rows  of  teeth,  the  inner  and  shorter  of  which  are  anchylosed, 
whilst  the  outer  and  longer  are  hinged. 
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In  some  respects    these    hinged  teeth  are  iDore  highly 

gpecialised  than  tiioBe  of  the  Angier,  wbioh  they  resemble  in 

.  being  attached  by  an  clastic  hinge  fixed  to  their  inner  sides, 


I  the  elasticity  of  which  is  brought  into  play  by  its  being  com- 
I  pressed,  or  at  ail  events  bent  over,  npon  itself. 

The  pidp  is  highly  vEiscular,  and  its  vessels  are  ao  arranged 
that,  by  entering  the  pulp  through  a  hole  in  the  ligament, 

(']  Hinged  tuotL  of  Haks.  a.  Vaao  dentine,  b.  Pulp.  e.  Elutic 
iingB.  d.  Buttress  of  bono  lo  rocaivo  /,  formed  out  of  bone  of  attiwh- 
meat.     e.  Bone  of  jaw.    /.  Thiekened  base  of  toutb.    g.  Enamel  ti]i. 
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which  is  about  at  the  aiis  of  motioD,  thev  escape  beiDg 
stretched  or  torn  duriDg  the  movements  of  the  tootlu 
But  the  base  of  the  tooth  itself  is  modified  so  as  to  be 
particulorlj  fitted  for  resisting  the  jars  to  which  a  moveable 
tooth  must  at  times  be  exposed,  and  so  is  the  bone  upon 
which  it  is  set. 

As  is  seen  iu  the  figure,  the  base  of  the  tooth,  on  the  side 
opposite  to  the  hinge,  is  thickened  and  rounded,  the  advan- 
tages nhich  such  a  form  must  possess  over  a  thin  edge  when 
bumping  upon  the  bone  being  sufticiently  obvious.  This 
thickened  edge  is  received  uixin  a  little  buttress  of  bone,  and 
it  occupies  a  much  higher  level  than  the  opposite  thin  edge 
to  which  the  hinge  is  attached,  so  that  the  tooth  cannot  pos- 
sibly be  bent  outwards  without  actual  rupture  of  the  ligament. 

And  what  is  not  a  httle  remarkable  is,  that  whilst  the 
Hake,  the  moat  predatory  of  all  the  Gadidai,  is  possessed  of 
these  very  perfectly  hinged  teeth,  other  members  of  the 
family  have  teeth  moveable  in  a  less  degree,  whilst  others 
again  have  teeth  rigidly  fixed.  So  that  within  the  limits  of 
a  single  family  we  have  several  steps  in  a  gradual  progres- 
sion towards  a  very  highly  specialised  organ. 

In  the  hinged  teeth  already  alluded  to  the  purpose  served 
by  their  mobility  seems  to  be  the  catching  of  active  fish,  and 
the  elasticity  resides  solely  in  the  hinges ;  but  the  common 
Pike  poasesaes  many  hinged  teeth  which  seem  to  be  concerned 
in  the  swallowing  of  the  prey  after  it  has  been  caught,  and 
there  is  no  elasticity  in  the  hinges,  the  rosilieneo  of  the  teeth 
being  provided  for  in  another  way. 

The  teeth  which  surround  the  margins  of  the  jawa  are 
anchyloaed,  and  they  are  more  or  less  solidly  filled  up  in 
their  interior  with  a  development  of  osteodentine,  which,  by 
becoming  continuous  with  the  subjacent  bone,  cements  them 
upon  it.  The  manner  of  development  of  this  is  by  rods  of 
calcifying  material  shooting  down  through  the  central  pulp 
(seepage  175);  inthehingcd  teeth  also  these  trabecuUe  shoot 
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down,  and  become  continuous  with  the  Bubjaoeot  bone,  < 
instead  of  rigidly  ossifying  they  remain  soft  and  elastic,  i 


that  the  tooth  is  like  an  extinguisher  fastened  down  by  a 
large  number  of  elastic  strings  attached  to  different  points 
on  its  interior,  and  hinged  at  one  side. 

The  elasticity  is  very  perfect,  so  that  the  teeth  depreesed 
and  suddenly  released  return  with  an  audible  snap,  but  it 

(')  Hinged  ioath  of  Fike.  a.  DentiDO,  fi.  Ekstio  mda,  formed  of 
mvesldfied  trabeculffl  which  might  haYo  become  bone,  c.  Hinge,  not  itself 
eUitic.    li.  Bone  of  attaiJinient.     e.  ISone  of  body  of  jnw. 
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resides  solely  in  these  atringa,  for  if  these  be  divided  by 
carefully  slipping  a  cataract  needle  under  the  tooth  without 
injuring  the  binge,  the  tooth  will  stay  in  any  position  into 
which  it  is  put. 

Amongst  the   very  peculiar  predatory  fish  which  were 
obtained  by  the  Challenger  from  great  depths,  and  which 
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have  been  described  by  Dr.  Giinther,  through  whose  kindness 
I  have  had  the  opportunity  of  esamining  them^  are  several 
which  possess  hinged  teeth.    Thus  iuBathysaums  fero-t,  which 
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has  a  crocodile -like  snout,  the  teeth  are  of  no  very  gi'eat  size, 
but  they  are  attached  by  ligamentous  hinges  which  allow  of 
their  being  bent  down  backwards  and  inwards.  The  teeth 
are  not  perched  upon  any  definite  pedestals,  so  that  the 
motion  is  not  very  csactly limited  to  one  plane.  But  in  Odon- 
tostrimus  liyalinus  there  are  some  more  higjily  specialised 
hinged  teeth,  which  are  laterally  compR'saed,  and  have  a  sort 
of  barbed  point  which  recalls  the  form  of  some  primitive  bono 
tiah-hooks.  ITie  vomer  carries  two  such  teeth  of  great  length,, 
behind  which  come  some  smalter  ones :  they  are  perched 
upon  little  bony  pedestals  of  such  form  that  the  attachment 
being  made  by  means  of  an  elastic  ligament  on  one  side,  the 
motion  permitted  to  the  tooth  is  strictly  confined  to  one  pjar 

Thus  we  have  examples  of  liingcd  teeth  occurring  in  sevei 
distinct  orders  of  lish  ;  in  Acanthopterygii  {Lophiua), 
Anacanthina  (Merlucius),  in  Physoatomi  (Esox,  Bathysaurus, 
Odontoatomua),  whilst  on  the  other  hand  they  are  not 
universal  even  within  the  limits  of  well-defined  families. 

The  points  moat  noteworthy  are,  (i.)  that  hinged  teeth 
have  arisen  independently  in  families  of  (iah  widely  removed 
from  one  another,  and  (ii.)  that,  whilst  the  general  object  of 
mobility  aud  elastic  resiliency  is  attained  in  all,  it  is  by  a 
different  mechanism,  aud  by  the  least  possible  modification 
of  the  existing  fixed  teeth  of  the  family. 

Attaclmieiit  by  Anchylosis. — In  both  the  socketed  and 
the  membranous  manners  of  attachment  an  organised,  wore 
or  less  vascular  membrane,  intervenes  between  the  tooth  and 
the  jaw-bone ;  in  the  method  now  under  consideration  there 
is  no  such  intervening  membrane,  but  the  calcified  tooth  sub' 
stance  aud  the  boue  are  in  actual  continuity,  bo  that  it  is  often 
difficult  to  discern  with  the  naked  eye  the  line  of  junction. 

The  teeth  may  be  only  slightly  held,  ao  that  they  break  off 
under  the  application  of  only  a  moderate  degree  of  force,  or 
they  may  be  so  intimately  bound  to  the  bone  that  a  portion 
of  the  latter  will  usually  be  torn  away  with  the  tooth. 
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A  very  perfect  example  of  attactiment  by  ancbyli 
afforded  by  the  fixed  teeth  of  the  Pike,  of  which  the  central 
cone  is  compoaed  of  ost^odentine.  The  method  hj  which  the 
entire  fusion  of  this  tissue  with  the  bono  beneath  it  takes 
place  has  ab^ady  been  alluded  to,  the  similarity  of  its 
method  of  calcification  with  that  of  bone  rendering  the  fusion 
easy  and  complete. 

And  in  certain  extinct  fish,  whose  nearest  ally  is  the  now 
anomalons  Australian  shark,  the  Cestracion  philippi,  the  lower 
part  of  the  tooth  ia  composed  of  osteodentine,  which  so  closely 
resembles  bone  itself  that  it  is  impossible  to  aay  at  which 
point  the  bone  may  be  said  to  commence  and  the  tooth  to 
end;  but  even  where  this  intimate  resemblance  iu  histological 
character  does  not  exist,  there  ia  often  to  be  found  more  or 
less  blending  of  the  basal  dentine  with  the  bone  beneath  it, 
BO  that  there  is  even  here  a  sort  of  transitional  region. 

From  the  accounts  which  pass  current  iu  most  test  hooka 
it  would  be  supposed  that  the  process  of  attachment  by 
anchylosis  is  a  very  simple  matter,  the  base  of  the  dentine 
papilla,  or  the  dental  capsule,  by  its  calcification  cementing 
the  tooth  on  to  a  surface  of  the  jaw-bone  already  formed. 
In  a  few  animals  which  1  have  examined  ('),  howoTer,  I 
have  found  that  this  conception  does  not  at  all  adcqiiately 
represent  what  really  takes  place ;  it  seldom,  perhaps  never, 
happens  that  a  tooth  is  attached  directly  to  a  plane  surface 
of  the  jaw  whioh  has  been  formed  previously;  but  the  union 
takes  place  through  the  medium  of  a  portion  of  bone  (which 
may  be  large  or  small  in  amount)  which  ia  specially  developed 
to  give  attachment  to  that  one  particular  tooth,  and  after 
the  fall  of  that  tooth  ia  itself  removed. 

For  this  bone  1  have  proposed  the  name  of  "bone  of 
attachment,"  and  it  is  strictly  analogous  to  the  sockets  of 
those  teeth  which  have  sockets.  It  is  well  esempiified  in 
"StudieB  on 
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the  Ophidia,  a  description  of  the  fiiiatioii  of  the  teeth  of 
which  will  serve  to  conve\  a  good  idea  of  its  general  cha- 
racter. If  the  base  of  ont,  of  the  teeth  with  the  aubjacent 
jaw-bone,  be  submitted  to  microscopic  esammition  we  shall 
find  that  the  layer  of  bone  which  closely  embraces  the  tooth 
contraata  markedly  with  the  rest  of  the  bone  The  latter  is 
fine  in  teiture    its  lacuna!    \nth  their  verj  numeroua  fine 
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oooaUculi,  very  reguHr,  and  the  lamination  obviously  refer- 
able to  the  general  surface  of  the  bone  But  the  "bone 
of  attachment"  is  verv  cuarae  m  testure  full  of  irregular 
spaces,  very  different  frim  the  rc^idar  laonm;  and  its  lamin- 
ation is  roughly  parallel  with  the  base  of  the  tooth.  The 
dentine  of  the  base  of  the  tooth  also  bends  inwards  (Fig.  92), 
and  its  tubes  are  lost  in  the  osseous  tissue,  a  blending  ao 
intimate  resulting,  that  in  grinding  down  sectiona  the  tooth 
and  the  bone  of  attachment  often  come  away  together,  the 

{')  Section  of  tootb  and  a  portion  of  the  jaw  of  a  Python,  stowing  tlie 
marked  difference  in  chumoter  between  the  bono  of  attaoLment  and  the 
«st  of  the  bone. 
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tootli  and  this  boue  being  more  intimately  imited  than  this 
special  bone  is  with  that  of  the  rest  of  the  jaw. 

A  study  of  ita  (levelopment  also  provoa  tliat  it  haa  an  in- 
timate relatiou  with  the  tooth  with  which  it  is  coutinuoua, 
for  it  ia  wholly  removed  with  the  fall  uf  the  tooth,  and  is 
specially  deTcloped  again  for  the  nest  tooth  which  comes 
into  position.  The  periosteum  of  the  rest  of  the  jaw-bone 
appears  to  take  au  important  share  in  the  fonuation  of  this 
special  bone  substance,  and  the  tooth  capside,  by  its  ossifi- 
cation, apparently  contributes  little. 

Ill  the  frog  the  teeth  are  commonly  described  as  being 
attached  by  their  bases  and  outer  surface  to  a  continuous 
groove,  of  which  the  estemal  wall  is  the  highest.  Such  is, 
however,  an  inadequate  description  of  the  process,  the  tooth 
as  seen  in  section,  being  attached  on  its  outer  side  by  a  new 
development  of  special  bone,  which  extends  for  a  short 
distance  up  over  ita  estemal  surface  ;  and  for  the  support  of 
ita  inner  wall  there  springs  up  from  the  subjacent  bone  a 
pillar  of  bone,  which  is  entirely  removed  when  that  tooth 
falls,  a  new  pillar  Iieing  developed  for  the  next  tooth. 

When  the  teeth  are,  as  in  many  fish,  implanted  upon 
what  to  the  naked  eye  appears  nothing  more  than  a  plane 
surface  of  bone,  a  microscopic  examination  generally,  in  fact 
in  all  specimens  which  I  have  examined,  reveals  that  the 
individual  teeth  are  implanted  in  depressions  much  larger 
than  themselves,  the  excess  of  space  being  occupied  by  new 
and  specially  formed  bone,  or  else  that  the  teeth  surmount 
pedicles,  which  are  closely  set  together,  the  interspaces  being 
occupied  with  a  less  regular  calcified  structure. 

A  good  example  of  the  latter  method  is  afforded  by  the  Eel 
(Fig.  93),  in  which  each  tooth  surmounts  a  short  hollow  cylin- 
der '  of  bone,  the  lamination,  Ac,  of  which  differs  strongly 
irom  that  of  the  body  of  the  jaw-bone.  When  the  tooth  which 
it  carries  is  shed,  the  bone  of  attachment,  in  this  case  a  hollow 
cylinder,  is  removed  right  down  to  the  level  of  the  main 
bone  of  the  jaw,  as  is  well  seen  in  the  figure  to  the  left  of 
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the  teeth  in  position.  Under  a  higher  magnifying  power 
the  bone  at  this  point  would  be  found  to  bo  excavated  by 
"  Howahip'a  lacunm."  As  an  anchylosis,  the  implantation 
of  the  teeth  in  less  perfect  than  that  of  thosO'Of  the  anako, 
for  the  dentinal  tubes  at  the  base  of  the  tooth  are  not  de- 
flected, and  lio  not  in  any  sense  blend  with  the  bone  beneath 
them.  Accordingly,  the  teeth  are  far  leas  firmly  attached, 
ahd  break  off  tjuite  readily. 


A  transition  towai'ds  the  socketed  type  of  implantation  ia 
fiimiahed  by  some  of  the  cod  family.  In  the  haddock,  for 
example,  the  teeth  surmount  hollow  cylinders  of  "  bone  of 
attachment,"  resembling  in  many  particulars  those  of  the 
eel ;  the  teeth  do  not,  however,  simply  surmount  the  bony 
cylinders,  but  are  continued  for  a  short  distance  within  them, 
definite  shoulders  being  formed  which  rest  on  the  rims  of  the 
cylinder.  The  base  of  the  tooth  does  not,  however,  contract 
or  taper  any  more,  and  is  widely  open,  eo  that  it  cannot  be 
conaidercd  that  any  close  approximation  to  a  root  is  made. 
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The  pulp  cavity  of  the  tooth  becomes  continuoois  with  the 
cavity  of  the  oaaeoua  cylinder,  into  which  it  is  for  a  short 
distance  contiuiied. 

The  bouy  Bupporta  of  the  teeth  originate  in  many  oaaeous 
trabeculie  which  spring  up  simultaneously  from  the  bone  of 
the  jaw  beneath  the  new  tootb ;  these  coalesce  to  form  a 
net-like  skeleton,  which  rapidly  becomcB  filled  in  by  the 
progress  of  ossification.  So  far  aa  my  own  researches  enable 
me  to  say,  there  is  this  much  in  common  iu  all  forms  of 


,  thfi  I 


attachment  by  aucLyloBiB,  no  matter  how  difibrent  the 
naked  eye  results  of  the  process  may  be  ;  the  tooth,  as  it 
comes  iuto  position,  is  secured  by  an  exceedingly  rapid 
development  of  bone,  which  is  more  or  leas  directly  an 
outgrowth  from  the  jaw-bone  itself,  which  is  in  some  un- 
seen manner  atimnlated  into  activity  by  the  proximity  of  the 
tootb.  In  amount  this  apecially  formed  bone  varies  greatly, 
but  in  all  instances  it  ia  not  the  tooth  capsule,  but  tissues 
altogether  external  to  this,  which  acrvo  to  secure  the  tooth 
in  its  place  by  their  osaificatiou. 

of  jaw.      h.  Bone  of  attach- 
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The  teeth  of  the  mackerel  preaeut  an  interestiDg  variety  of 
attachmeut  by  aiichyloKia.  The  niarginsof  the  jawa  are  very 
thin,  and  by  no  raeana  fleshy,  and  in  this  thin  margin  there 
is  a  deep  groove  between  the  outer  and  inner  plate  of  the 
bone,  la  thia  groove  are  the  teeth,  their  sharp  points  pro- 
jecting beyond  the  edges  of  the  Ixme,  and  they  are  held  in 
their  place  by  a  network  or  Bcaffoldiug  of  bone  of  attach- 
ment which  ia  developed  between  their  sides  and  the  inner 

Pin.  9B  [■). 


surface  of  the  bone.  They  are,  ao  to  apeak,)  hung  up  in 
their  place,  and  their  open  bases  rest  on  nothing,  or  at  least 
on  nothing  hard. 

Attachment  by  implantation  in  a  socket. — In  this, 
as  in  anchylosis,  there  is  a  special  development  of  bone, 
which  is  modelled  to  the  base  of  the  tooth,  but  instead  of 
its  being  in  actual  close  continuity  with  the  dental  tissues, 
there  intervenes  a  vascular  organised  membrane.  The 
numner   in  which   the   Bockets  are,  bo  to  apeak,  plastered 
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around  the  roota  of  the  teeth,  and  are  perfectly  euliaervient 
to  and  dependent  on  them,  hti8  already  been  described  ;  little, 
therefore,  need  be  added  here,  8<ive  that  tlie  soft  tiBsue 
intervening  between  the  bone  and  the  tooth  is  not  sepa- 
rable, either  anatomically  or  from  the  point  of  view  of 
development,  into  any  two  layers,  but  is  a  single  mem- 
brane, termed  the  " alveoloJental  periostenm."  That  it 
single,  ia  a  matter  of  absolute  certainty;  there  is  no  difficulty 
in  demonstrating  it  m  sifu,  with  vessels  and  bundles  of 
fibres  traversing  its  whole  thickness  from  the  tooth  to 
bone,  or  vice  WffraJ. 

The  nature  and  development  of  the  sockets  in  tlw 
few  reptiles  and  fishes  which  have  socketed  teeth  require 
further  examination.  \  am  not,  from  what  I  have  seen 
sections  of  the  jaws  of  a  young  crocodile,  incliued  tj;>  ri 
them  as  in  all  respects  similar  to  the  alveoli  of  mammalian 
teeth.  At  all  eventa  they  are  not  developed  in  that  same 
subserviency  to  each  individual  tooth ;  on  the  contraryj 
successive  teeth  come  up  and  occupy  a  socket  which  ia 
more  or  less  already  in  existence. 

Although  there  are  animals  in  which  implantation  in  a 
spurious  socket  is  supplemented  by  anchylosis  to  the  wall 
or  to  the  bottom  of  the  socket,  no  example  of  anchylosis 
occurring  between  the  tooth  and  the  bone  of  the  socket  has 
ever  been  met  with  in  man,  or  indeed  in  any  mamraaJ 
eiemplifying  a  typical  socketed  implantation  of  the  teeth. 
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CHAPTER    VI. 

TUB  TEBTH    OF    FI8HE9. 

In  the  following  p^es  nothing  more  than  a  brief  account 
of  a  few  typical  forms  can  be  attempted  ;  the  limits  of  apace 
forbid  the  mention  of  many  creatures,  or  the  insertion  of 
detailed  descriptioua  of  the  dentition  even  of  the  few  which 
are  included.  In  the  class  of  fiah  the  task  of  selec- 
tion of  the  forms  for  description  is  no  easy  one ;  for 
the  almost  infinite  diversity  of  dentition  which  exists  in 
it  makes  it  a  matter  of  peculiar  difficulty  to  frame  any 
general  account,  or  to  do  more  than  present  before  the 
reader  a  description  of  a  few  individual  forms  from  which 
he  may  gather,  as  best  he  can,  a  general  idea  of  piscine 
dentition. 

The  class  of  Fishes  ia  divided  into  four  aub-claases : — 

Leptocardii.   Heart  replaced  by  pnlaating  sinuseB.     Skeleton  noto- 

chordal  imd  raembmno-cartilagiuoua.    No  skull,  no  bnua. 
CVCLOSTOMATA.     Head   without  bulbuB  aiterioaus.     Skeleton  oar- 

tilaginons  and  notoehoidal.     Ko  jaws  :  mouth  surronnded  by  a 

ojrctilar  lip. 
Tbijiobtbi.     Non-contractile   balbuB   arterioHua.     No  spiral  valva 

in  inteHtiae.    Optic  nerves  deouBsating.    Skeleton  oaaified,  with 

completely  separated  vertebrae. 
PALAIChthyeb.     Heart  with  contractile  cotliia  arteriosua  ;  intestine 

with  spiral  valve  ;  optic  nerve  non -decussating  or  only  parti&lly 

decussating. 

Of  Leptocardii  (the  single  genus  Amphiosua  or  Branchio- 
stoma),  there  is  nothing  to  be  said,  as  it  has  no  jaws  and 
therefore  no  teeth. 

The  Cyclostomata  comprise  the  lampreys  and  the  very 
peculiar  parasitic  fishes,  the  Mysine  and  Bdellostoma,  which 
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bore  their  way  into  the  bodies  of  other  fish  ;  the  cod  is  often 
attacked  by  the  Mysine.  The  lampreys,  which  also  are  pre- 
datory, attaching  themBelvea  by  their  sueking  mouth  to  the 
bodies  of  other  fish  from  which  they  scrape  off  the  flesh, 
have  a  round  mouth,  the  margins  of  which  are  beset  with 
rows  of  small  conical  teeth,  there  being  two  larger  blade- 
shaped  teeth,  called  from  their  relative  position  the  man- 
dibular and  maxillary  teeth  in  the  centre. 

Until  recently  little  was  known  of  the  structure  of  homy 
teeth,  hut  they  have  been  investigated  by  Dr.  Beard  (Cen- 
tralblatt  f.  Wisaen.  Anat.  iii.  1888,  nr.  6),  who  finds  thatthe 
homy  cone  rests  upon  a  slight  dermal  papilla,  and  fits  into 
special  epidermal  depressions  at  the  base  of  the  papilla  (in 
Pteromyzon  fluviatilis) ;  but  in  P.  marinus  there  ai-e  three 
superimposed  cones,  "like  a  nest  of  Chinese  boses,"  Each 
of  these  layers  arises  from  a  separate  epidermal  depression, 
which  goes  on  continually  forming  hom,  so  that  the  under 
cones  are  in  no  sense  reserve  teeth,  for  lis  each  tooth  is  worn 
away  at  the  apex  fresh  homy  matter  is  formed  below  and 
pushed  forwards.  There  is  thus  no  resemblance  to  the  teeth 
of  higher  vertebrates. 

In  a  young  lamprey  there  are  to  be  found  what  at  first 
sight  look  like  true  tooth  sacs,  but  the  dental  papilla  never 
forms  any  odontoblasts,  and  the  epithelium  which  corres- 
ponds to  the  enamel  organ  produces  hom ;  this  is  true  of 
the  marginal  teeth,  but  further  in  towards  the  centre  the 
teeth  are  formed  simply  in  the  basal  layers  of  the  epithelium, 
without  the  intervention  of  any  sort  of  tooth  sac. 

But  in  the  Mysine  and  Bdellostoma  there  is  a  very  ia- 
tereating  and  unes[)ected  arrangement  of  structures.  They 
have  a  large  sharply  pointed  median  tooth  and  two  comVj 
like  smaller  teeth  upon  the  tongue,  and  the  working  si 
of  the  teeth  is  composed  of  hom  similar  both  in  structure 
development  to  that  found  in  the  lamprey. 

Dr.  Beard  describes  the  tooth  of  Bdellostoma  as  consisting 


TffE    TEETH    OF  FISHES.  22B 

of  a  cap  of  horn  which  ia  thick  and  strong  and  of  a  bright 
yellow  colonr ;  beneath  this  comes  a  layer  of  epithelium, 
and  next  to  this  a  hard  calcified  mivteria],  which  is  to  bo 
regarded  as  aonio  form  of  dentine. 

The  horuy  cap  is  titted  into  an  epithelial  groove  at  its 
base,  so  that  it  increases  in  length  from  the  cella  of  this 
groove  becoming  cornified,  and  in  thiekneas  by  a  similar 
conversion  of  the  epithelial  layer  beneath  it. 

The  hard  cone  which  forms,  so  to  speak,  the  body  of  the 
tooth  is  an  anomalona  atructure  not  closely  corresponding 
with  any  known  form  of  dentine,  but  yet  it  ia  undoubtedly 
the  product  of  an  odontoblast  laj'er  upon  the  pulp,  which 
latter  remains  in  the  baae  of  the  cone  of  dentine  in  the  usual 
ivay. 

The  great  hardness  of  the  tooth  and  of  the  homy  cap 
renders  it  a  very  difficult  matter  to  get  good  sections,  and 
hence  the  minute  stmctiire  has  not  been  very  fully  de- 
scribed. At  tlie  apes  of  the  cone  ia  a  thin  structureless 
layer,  which  Dr.  Beard  thinks  may  be  enamel  (the 
frequent  occurrence  of  thin  outer  structiu^leaa  layers  upon 
dentine  however  would  seem  to  render  this  determination 
open  to  uncertainty).  There  is,  however,  a  layer  of  epithe- 
lium, in  the  proper  situation,  which  baa  the  characters  of  an 
enamel  organ  in  so  far  as  the  presence  of  long  columnar 
cella  go. 

The  dentine  cap  appears  to  contain  small  dentinal  tubes, 
and  also  vascular  canals  of  larger  size  arranged  with  consider- 
able regularity. 

It  is  difficult  to  conceive  that  the  presence  of  the  calcified 
cone  can  be  of  much,  if  any,  service  whilst  buried  l>eueath  the 
homy  cap,  and  we  must  regard  these  homy  teeth  not  as  an 
earlier  and  simple  form  of  tooth,  but  as  being  degenerated 
teeth.  And  they  would  thus  lend  support  to  the  idea  already 
arrived  at  on  other  gi'ounds  that  these  fish  had  as  ancestorB 
fish  which  had  jaws  and  teeth  carried  upon  them. 


It  is  to  be  noted  that  the  relation  which  the  horn  coaftl 
bears  to  the  dental  papilla  and  to  its  dentiue  is  entirely  i 
liifferent  from  that  borne  by  the  homy  teeth  of  Omitht>-  J 
rhyiiciis,  in  which  the  honiy  plate  which  takes  the  place  of  J 
teeth  in  the  adult  lies  beneath  the  teeth. 

It  has  been  suggested  by  Dr.  Beard  that  the  fusion  of  ths^ 

Fiu.  flfl  (1). 


lingual  teeth  of  Myxine  into  a  seiTated  plate  rauy'iiidicate  the 
manner  in  which  the  serrated  homy  jaws  of  Chelonians  may 
have  originated,  asa  substitution  of  homy  tissue  fortrue  teeth 
upon  which  they  were  once  superimposed ;  and  similar 
speculations  have  been  indulged  in  as  to  the  manner  ia 
which  the  bird's  bill  may  have  originated  from  the  substitu- 
tion of  a  number  of  coaloscent  homy  teeth  for  true  teeth, 
but  the  material  for  such  generalisation  is  not  yet  to  hand. 

As  in  the  matter  of  teeth  the  Palteichthyes,  comprising  tho 
Sharks  and  Rays  and  theGanoid  fish,  present  somewhat  simpler 

(')  Too!h  of  Bdelloatoma,  Semidiagramraatie,  after  Dr.  Beard,  d.  Cal- 
pitied  (icQtine  caji.  ^.  (?)  Enamol.  A,  Horny  tooth.  he.  BpiUieli^ 
groove  in  which  tlie  bona  ia  formed,     p.   Pulp. 
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conditiona  that  are  met  with  in  the  oseeouu  fish,  it  will  be  ] 
couvBDieiit  to  describe  their  teeth  first,  although  in  I 
respects  they  Btand  at  the  head  of  the  class  of  fishes,  and 
present  nmiiy  indicfttions  of  affinity  with  the  Batrachia. 

In  Sharks  the  scales  are  replaced  by  calcified  papillic,  which 
have  the  structure  of  the  teeth  :  to  these  the  "shagreen 
as  shark  skin  is  termed,  owes  its  roughness  ;   the  mouth    . 
is    a    transverse,    more    or    less    curved    fissure,    opening   | 
upon  the  under  surface  of  the  head  at  some  little  distance 
behind  the  end  of  the  anout.     Hence  it  ia  that  a  shark  in 
seizing  its  prey  turns  over  upon  its  back  or  at  all  events    i 
upou  its  side. 

The  jaws,  which  are  made  up  of  the  representatives  of  the 
palato-quodrate  arch,  and  of  Meckel's  cartilage,  neither  true 
masillie  nor  premaxillje  being  present,  are  cartilaginous  i 
the  main  (altliougb  covered  with  a  more  or  less  ossified  crust), 
and  therefore  shrink  and  become  much  distorted  ia  drying. 
The  shape  of  the  jaws  differs  in  the  various  groups  of  ' 
Plagiofltomi,  in  some  each  of  the  two  jaws  being  a  tolerably 
perfect  semiciicle,  while  in  others  they  are  nearly  straight 
and  paridlel  to  oue  another  (see  Fig.  97  and  Fig.  101);  but 
in  all  the  rounded  working  surface  of  the  jaw  is  clothed 
or  encased  by  teeth,  which  are  arranged  in  many  parallel 
concentric  rows. 

The  teeth,  which  are  situated  upon  the  edge  or  exposed 
border  of  the  jaw,  are  usually  erect,  whilst  the  rows  which 
lie  behind  them,  farther  within  the  mouth,  point  backwards, 
and  are  more  or  leas  recumbent,  not  having  yet  come  into 
full  use. 

In  this  respect,  however,  marked  difference  exists  among 
various  genera  of  sharks  ;  for  instance  in  the  great  tropical 
white  shark  the  teeth  which  lie  on  the  border  of  the  jaw 
are  erect,  and  all  the  successive  rows  are  quite  recumbent, 
w)iereaB  in  many  of  the  dog-fishes  the  inner  surface  of  tjie 
jaws  forms  an  even  rounded  surface  along  which  the  rows  a( 
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1  every  intermediate  position  between  1 
those  fully  recumbent  at  the  innermost  part  of  the  jaw,  , 
and  those  fully  erected  upon  its  exposed  borders.  Only  a  j 
few  of  the  moat  forward  rows  of  teeth  are  eiposed,  a  fold  1 
i  membrane  covering  in  those  teeth  whiob  ^ 
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are  not  as  yet  fully  calcified   and  firmly  attached   to  thef 
guras. 

In  Lamna,  which  may  be  taken  as  fairly  illustrative,  the 
teeth  are  arranged  round  the  jaws  in  concentric  rows  with 
great  regularity,  the  teeth  of  the  successive  rows  cerrespend- 
ing  in  position  to  the  teeth  of  older  rows,  and  not,  aa  is  the  _ 
case  in  some  other  sharks,  to  their  interspaces.  They  a 
attached  by  being  embedded  in  a  densely  fibrous  gum,  whidtM 
closely  embraces  their  bifurcated  bases  ;  and  this  dense  gmHrfl 
carrying  with  it  the  teeth,  slides  bodily  upwards  o 
inner  face  of  the  jaw,  and  outwards  over  its  border,  beyont 
which  it,  to  borrow  a  phrase  from  geological  science,  h 
"  outcrop." 

[')  Lower  jnv  of  Lumna.     a.  Edge  of  ilup  of  mucoua  mcmlntne  whieli  I 
coTers  in  the  leeth  not  jet  complelecl. 
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In  Lauiiiii  tlie  second  and  third  rows  of  teeth  are  only 
partially  erect,  the  rows  behind  these  lying  recumbent,  and 
being  in  the  fresh  state  covered  in  by  the  fold  of  miicouB 
membrane,  which,  being  dried  and  shrunk  in  the  specimen 
figured,  falls  short  of  its  original  level. 

Fio.  B8('). 


Thus  rows  of  teeth  urigmally  developed  at  the  base  of 
the  jaw  are  carried  upwards  come  to  occupy  the  foremost 
position  on  tlie  border  of  the  jaw  and  are  cast  off  when 
they  pass  the  point /in  the  fagure  It  is  thus  easy  to  under- 
stand why  sharks'  teeth  are  so  abundantly  found  in  a  fossil 
condition,  although  othei  indications  of  the  existence  of  the 


(')  Transversa  section  of  lower  jaw  of  i 
4.  Oral  epithelium  passing  on  to  flap,  c, 
bnnB  (thecal  foil)),  d.  Youngest  dentin 
otjiui.    /.   Tooth  about  to  be  shed.     g.  Ca 
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I.     a.  Oi&l  epithelium. 
c.  Younge 
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fish  are  rare  enough  ;  for  every  shark  in  the  course  of  its 
life  oaata  off  great  numbers  of  teeth,  which  fall  to  the 
bottom  of  the  sea  and  become  bedded  in  the  deposit  there 
forming. 

The  teeth  are  never  anchylosed  to  the  jaw,  nor  have  they 
any  direct  connection  with  it,  but,  as  before  mentioned,  are 
retained  by  being  bedded  in  a  very  tough  fibrous  membrane  ; 
the  nature  of  their  fixation  has  been  more  exactly  described 
at  another  page  {page  213). 

The  sheet  of  fibrous  gum  slides  bodily  over  the  curved 
surface  of  the  jaw,  continually  bringing  up  from  below 
fresh  rows  of  teeth,  as  was  proved  by  Andre's  specimen, 
and  it  may  be  worth  while  to  condense  from  Professor 
Owen  the  description  of  the  manner  iu  which  it  was  thus 
proved  that  an  actual  sliding  or  rotation  of  the  membrane 
does  really  take  place,  and  that  the  whole  bony  jaw  itself 
does  not  become  slowly  everted.  Tlie  spine  of  a  sting  ray 
had  been  driven  through  the  lower  jaw  of  a  shark  (Galeus), 
passing  between  two  (vertical)  rows  of  teeth  which  had 
not  yet  been  brought  into  use ;  when  the  specimen  came 
under  observation  the  spine  had  remained  in  this  situation, 
transfixing  the  jaw,  for  a  long  time,  as  was  evidenced  by  all 
the  teeth  of  these  two  rows,  both  above  and  below  it,  being 
stunted  and  smaller  than  their  neighbours. 

Hence  the  development  of  these  teeth,  which  ultimately 
came  to  be  at  some  little  distance  from  the  spine,  had  been 
profoundly  modified  by  its  presence,  and  it  is  difficult  to 
understand  in  what  manner  this  could  have  affected  them 
had  they  not,  at  an  earlier  period  of  their  gi-owth,  lain  hi 
more  immediate  proximity  to  it.  But  if  the  membrane, 
with  the  teetli  attached,  does  move  slowly  along  the  surface 
of  the  jaw,  this  difficulty  at  once  disappears. 

The  forms  of  the  teeth  in  various  sharks  are  different 
and  characteristic;  nevertheless  they  vary  somewhat  with 
i^e   in   some  species,  and  present  differences   in  size  aiid 
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form  in  the  upper  and  lower  jftws,  or  in  different  parts  of 
the  mouth  of  the  same  iiidiViduid.  For  instance,  in  Lnuuia, 
in  the  upper  jaw,  the  third  teeth  of  each  horizontal  row, 
.counting  from  the  middle  line,  are  very  small,  while  in  both 
jaws  there  is  a  gradual  diminution  in  the  size  of  the  t«eth 
towards  the  liack  of  the  mouth. 

Thus,  although  it  is  often  possible  to  refer  a.  particular 
tooth  t^)  its  right  genus  or  even  species,  much  care  is  re- 
quisite in  so  doing. 

The  teeth  of  the  bloodthirsty  white  ahark  (Carchariaa) 
are  triangular  flattened  plates,  rounded  on  their  posterior 
aspect,  with  trenchant  slightly  serrated  edges ;  it  is  pointed 
out  by  Professor  Owen  that  if  the  relation  between  the  sisse 
of  the  teeth  and  that  of  the  body  were  the  same  in  extinct 
I  recent  sharks,  the  dimensions  of  the  teeth  of  the 
tertiary  Carcbarodon  would  indicate  the  eiisteuce  of  sharks 
ts  large  as  whales. 

The  intimate  relatioDHhip  between  the  teeth  and  the 
dermal  spines,  which  from  the  standpoint  of  development, 
has  been  illustrated  at  page  2  and  page  123,  is  apparent 
also  in  their  histological  structure.  There  arc  many  dermal 
Bpines  to  be  met  with  in  the  sharks,  which  seen  alone  could 
not  possibly  be  distinguished  from  teeth,  the  resemblance 
both  in  outer  form,  in  minute  structure,  and  manner  of 
development  being  most  complete.  The  tooth  figured  on 
■j>age  49  is  a  fair  example  of  a  structure  very  common  among 
the  sharks,  viz.,  a  central  body  of  osteodentin e,  the  outer 
portion  of  which  has  dentinal  tubes  so  fine,  regiJar,  and 
loosely  packed  as  to  merit  the  name  of  hard  nnvascular 
^dentine,  and  over  this  again  a  thin  varnish  of  enamel.  (?) 

And  yet  no  observer  from  its  structure  alone  could  feel 
Ifore whether  it  was  a  large  dermal  spine,  era  tooth.  Dental 
tissues  occur  in  other  parts  of  the  mouths  of  Selachia  than 
upon  the  jaws,  not  only  in  the  embryonic  stages,  but  in  the 
.adult.    Thus  Professor  Sir  W.  Turner  has  described  (Pi-oe. 
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Roy.  Society,  Edinburgh,  1880),  very  numerous  comb-like 
appendages  6  inches  long  upon  the  branchial  avclies  of  the 
Basking  Shark  (Selache  maxima),  which  apparently  perform 
the  same  function  aa  whalebone  in  straining  the  water. 
These  eumba  are  formed  of  a  variety  of  dentine  (!  oateo- 
deutine),  and  closely  resemble  in  structure  the  true  teeth, 
which  are  however  very  small  in  this  shark. 

In  the  seaa  of  Australia  there  exists  a  Shark,  the 
Cestracion  Philippi,  with  a  very  aberrant  dentition,  to  which 
great  interest  attaches,  inasmiich  as  it  is  the  sole  surviving 
representative  of  forms  once  spread  all  over  the  world.  In 
the  front  of  the  mouth  the  teeth  are  small  and  very 
niunerous ;  they  are  flat  plates  fitted  by  their  edges  to 
one  another,  while  from  their  centres  spring  up  sharp  points, 
soon  worn  ofi'  when  the  tooth  reaches  such  a  position  upon 
the  jaw  that  it  comes  int«  use. 

Proceeding  backwards,  the  teeth  cease  to  be  pointed, 
increase  in  size,  and  become  fewer  in  each  row;  a  reference 
to  the  figure  will  convey  a  better  idea  of  their  general  form 
than  any  description.  Those  which  have  come  into  use 
are,  towards  the  back  of  the  mouth,  always  much  worn ; 
their  shedding  and  renewal  takes  place,  as  in  other  sharks, 
by  a  rotation  of  the  mucous  membrane  over  the  surface  of 
the  jaw,  so  that,  as  might  have  been  expected,  large 
numbers  of  the  isolated  fossil  teeth  of  Cestracionts  are  to  be 
met  with. 

The  teeth  of  the  Cestracion  are  fitted  for  the  trituration 
of  hard  substances,  and  for  such  they  are  iised,  its  food 
consisting  of  shell-liah,  ic.  The  teeth  consist  of  vaso-  and 
oateodentine,  protected  by  what  is  apparently  a  structure- 
less layer  of  enamel. 

The  extinct  Cestracionts  extended  far  back  in  time,  being 
met  with  in  palaiozoic  strata,  and  they  were  equally  widely 
distributed  in  space ;  the  size  of  many  of  the  teeth  also 
indicates  the  existence  of  forms  much  larger  than  the  recent 
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'  timid  and  inoffensive  Cestraoion  Piiilippi.  Many  of  the 
eitiuct  forniB  aro  known  only  by  isolated  teetii ;  of  others 
portions  of  the  jaw  with  teeth  in  iiiu  havo  been  discovered  ; 
thus  fragments  of  the  jaw  of  Acrodua,  the  isolated  fossil 
teeth  of  which  have  been  compared  to  fossil  leeches,  with 
seven  teeth  ai^rauged  in  series,  have  been  met  with. 


The  Pristis,  or  Saw  fish,  so  far  as  tlie  mouth  is  concerned, 
ia  in  no  way  remarkable,  its  teeth  being  small  and  blunt, 
like  those  of  many  rays.  The  snout  is,  however,  prolonged 
to  an  enormous  length,  and  is  shaped  like  a  gigantic 
spatnla,  its  thin  edges  being  beset  by  dermal  spines  of 
large  size,  aiTangcd  at  regular  intervals,  and  implanted  in 
distinct  sockets.  These  dermal  spines,  or  rostral  teeth,  as 
they  are  sometimes  termed,  are  not  shed  and  replaced,  but 
grow    from   persistent   pulps ;    in   structure    they    closely 

(')  Lower  jaw  of  Cestraoion  Philippi.  a.  Young  teeth  not  jet  in  use. 
6.  l^rgK  grinding  back  teeth,      e.  Small  pointed  front  teeth. 

The  new  teeth  are  developed  at  the  bottom  of  the  series  on  the  inner 
AAe,  and,  juel  as  in  other  eharke,  are  covered  in  bj  a  flap  of  macons 
membrane. 


r       membra 
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tjs^ : 


resemble  the  teeth  of  Myliobatea  (see  page  88},  being  made 
ii[j  of  parallel  denticles,  in  the  centre 
Fid.  100  (1).  of  each  of  which  is  o.  pulp  cavity  or 

medullary  canal. 

What  use  the  Saw-fish  makes  of  its 
armed  anout  is  not  very  certainly 
Ituown,  but  its  rostral  teeth  are  of 
interest  to  the  odontologiet  for  several 
reasons — the  one  that  they  are  dermal 
spines,  having  a  structure  all  but 
identical  with  that  of  the  actual  teeth 
of  another  ray,  the  Myliobatea  ;  the 
other  that  they  are  socketed,  a  mauner 
of  implantation  not  at  all  common 
iimongBt  the  teeth  of  fishes  ;  and  yet 
luiotlieV,  that  they  grow  from  persistent 
pulps,  also  unusual  in  fishes. 

Broadly  speaking,  the  teeth  of  the 
Eays  (skates)  differ  from  those  of 
typical  shai'ks  by  being  individually 
hlimter,  and  being  more  closely  set 
80  that  they  form  something  approach- 
ing to  a  continiioua  pavement  over  the 
jaws,  with  but  little  interspace  left  be- 
tween the  teeth. 

The  dentigeroua  surface  of  the  jaw  is 
very  nmch  rounded,  and  in  some  is 
completely  encased  under  a  pavement 
of  teeth.  Thus,  in  Myliobatea,  the 
powerful  jawa  are  straight  from  aide 
to   side,  while   their  working  surfaces 
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i})  Rostrum 


I  Qnd?r  Slide  of  the  head  of  a  Bmall  Printis. 

)ne  o£  the  rostral  teeth. 

which  the  margins  of  the  jaira  are  coTereJ,  c 


io  anuJl 


from  back  to  front  are  Begraenta  of  a  circle.  The  teeth  form 
a  thick  and  strong  pavement  over  the  jawB,  in  the  manner 
of  their  formation  and  renewal  conforming  with  the  teeth 
of  other  Plagiostomi ;  the  severe  use  to  which  they  are  put 
being  indicated  by  the  extent  to  which  the  griuding  aurfacee 
of  those  teeth  whicli  have  come  into  use  are  worn  down. 

Fid.  101  ('). 


Several  genera  have  the  jaws  thus  covered,  the  number 
of  the  teeth  differing  ;  thus  Myliobatea  has  a  central  aeries  of 
very  broad,  oblong  teeth,  to  the  outer  sides  of  which  are  three 
rowB  of  amall  hesagoual  teeth ;  in  (EtobatiB  the  large  oblong 
central  plates  constitute  the  whole  armature  of  the  jaw. 

The  structure  of  the  teeth  of  Myliobates  has  already  been 
deeonbed  and  figured  (see  page  88). 

(')  tfpi>er  and  lower  jaw  of  Myliobates.  At  a,  the  mosaic  iiavament 
formed  b;  the  bioad  fattened  platea  which  cocBtitnte  its  i«eth  is  seen, 
these  being  the  oldest  teeth  which  ore  about  to  he  sheil  oiT  la  canaequence 
at  llie  rotation  of  the  whole  sheet  of  tnucoua  membrane  over  tho  surface 
of  tho  jaws.  The  letter  6  indicalas  the  under  snriaos  of  ons  of  the  plataB, 
rhich  is  seen  tro  be  Rnelf  duted  on  its  edgo. 
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lai^st  being  about  the  middle  of  the  side  of  the  jaw. 
pike,  aa  is  well  known  to  anglers,  when  it  has  seized 
often  holds  it  across  its  mouth,  piercing  and  retaining  it  by 
means  of  these  largest  teeth  ;  then,  after  holding  it  time  for  a 
time,  and  so  haviugmaimed  it  and  lessened  ibi  power  of  escape, 
it  swallows  it,  geneiiiliy  headforemost.  The  tenacity  of  the 
pike's  hold  is  often  illustrated  when  it  takes  a  bait,  and 
retains  it  so  firmly  that  when  the  angler  "  strikes "  the 
hooka  do  not  get  driven  into  the  fish's  mouth ;  but  after 
tugging  at  the  bait  for  a  time  the  pike  releases  it,  and  the 
angler  finds  that  it  has  never  been  hooked  at  all. 

The  mai^in  of  the  upper  jaw  is  not  bordered  by  teeth, 
save  at  the  front,  where  the  intermaxillary  bones  carry  a 
few  teeth  of  insignificant  dimensions ;  indeed,  it  is  rather 
esceptional  for  the  true  maxillary  bones  to  carry  teeth  in 
osseous  fish.  The  roof  of  the  mouth  presents  three  wide 
parallel  bands  of  teeth,  those  in  the  median  band  (oa  the 
vomer)  being  directed  backwards,  thoae  upon  the  lateral 
bands  (on  the  palatine  bones)  backwards  and  inwards. 
Some  of  the  latter  teeth  are  very  large,  but  not  quite  so 
large  as  those  at  the  sides  of  the  lower  jaw. 

The  marginal  teeth  are  firmly  anchyloaed,  but  the  teeth 
upon  the  palate  are  all  hinged,  and  in  such  a  manner  that 
they  can  only  bend  exactly  in  one  direction.  Those  of  the 
vomerine  baud  which  lie  in  the  middle  line,  will  bend  back- 
wards only ;  those  upon  the  outer  margins  of  this  band 
backwards,  with  an  iuelination  outwards.  Those  of  the 
lateral  or  palatine  bands  bend  obliquely  backwards  and 
inwards,  about  at  an  angle  of  45  with  the  median  line  of 
the  mouth,  or  somewhat  more  directly  backwards.  To  a 
body  sliding  over  them  in  one  direction  they  offer  no 
resistance,  bending  down  as  it  passes,  and  springing  up  as 
the  pressure  is  removed  from  them,  but  to  anything  moving 
ill  any  other  direction  they  are  rigidly  fixed  sharp  curved 
stakes  impeding  its  further  progress. 
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An  elongated  body  of  some  size,  such  as  n,  living  fisli, 
can  only  be  swallowed  by  the  pike   wlieii   it  ia  arranged 


lengthw. 


Q  tlie  mouth  ,  crosswise  it  cannot 


(•)  JawB  of  B  Pike,  1  iPBCil  ffoiu  the  froDt,  with  the  mautii  opened  mnre 
■miUlj  than  is  natural,  so  as  tu  bring  the  teeth  into  Tie«  a  Ocoup  of 
<  teeth  situated  on  th>'  palatine  bone  h  Group  of  teeth  situated  on  the 
vomer,  c.  Group  ot  teeth  situated  on  the  Ungual  bone  d  Specially 
large  teeth,  p]ai,od  at  intervals  round  the  msjgiu  of  the  lower  jaw 
0.   Qionp  otteetli  un  the  intormaxilli  rj  bones 

The  diagram  beneath  represents  the  direction  in  <Ahich  the  hinged  te«th 
of  the  Tomerine  and  palatine  bands  cin  bend 
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the  throat.  The  hinged  teeth  on  the  palate  seem 
mirably  arranged  for  getting  the  fish  into  a  longitudinal 
position  and  keeping  it  there ;  for,  if  we  imagine  the  tiah'a 
body  held  up  ^;ainat  these  teeth,  and  consider  the  direction 
in  which  the  hinging  of  the  teeth  allows  them  to  yield,  it 
will  be  Been  that  every  motion  tending  to  arrange  the  body 
lengthwise,  either  in  the  median  line  of  the  mouth  or  in 
either  of  the  interspaces  between  the  vomerine  and  palatine 
bands  of  teeth,  will  meet  with  no  obstruction,  but  in  every 
deviation  from  this  position  it  will  be  caught  on  the  points  of 
the  teeth  and  resisted.  Thus  with  the  pike's  mouth  shut, 
and  the  fish  kept  up  against  the  palatine  teeth,  even  its  own 
struggles  will  be  utilised  by  every  movement  tending  to 
place  it  aright  being  allowed,  and  every  other  stopped  by 
the  bands  of  hinged  teeth  entangling  it.  The  structure  of 
those  teeth,  and  the  mechanism  by  which  they  are  rendered 
elastic,  have  been  already  described  (page  217). 

The  lingual  bone,  and  the  three  median  bones  behind  it, 
carry  small  teeth  arranged  in  oblong  patches ;  the  internal 
surfaces  of  the  branchial  bones  {which  support  the  gills) 
are  armed  with  similar  small  teeth  ;  while  the  last  or  fifth 
branchial  arch  (which  carries  no  gills,  the  bones  forming 
it  being  called  inferior  pharyngeal  bones,)  carry  lai^r 
teeth.  The  superior  pharyngeal  bones  (which  are  median 
portions  of  the  four  anterior  branchial  arches)  also  carry 
recurved  teeth  larger  than  those  which  line  the  rest  of  the 
internal  surfaces  of  each  of  the  branchial  arches. 

The  pike's  mouth  and  pharynx  thus  fairly  bristle  with 
teeth,  al!  directed  somewhat  backwards;  and  any  one  who 
has  been,  unfortunate  enough  to  have  allowed  his  fingers 
to  get  entangled  in  the  mouth  of  a  living  pike  will  realise 
how  small  a  chance  of  its  living  prey  has  of  escape,  when 
once  it  has  been  seized. 

The  teeth  of  the  pike  are  composed  of  a  central  body  of 
oatco -dentine,  on  the  outside  of  which  is  a  layer  in  which 
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I  tbe  dentinal  tubas  are  directed  towards  the  Biirface^  rs  in 
I  hard  or  iiiiTiiactilar  dentine  (see  fig.  48)  ;  while  the  outer- 
it  portion  of  all  ia  a  Tory  dense  and  hard,  and  dpparently 
I  Btruotnreleas,  eniimol  film.     The  teeth  are  anchylosed  to  the 
bone,  and   are   verj*   frequently   renewed,  their   sunceeaora 
being  developed  at  one  side  of  their  baaea. 

Though  the  pike  has  rather  more  teeth  than  many  other 
fish,  it  may  be  taken  as  n  fair  example  of  most  osseous  iishea 
in  this  respect.  Space  will  only  allow  of  a  few  of  the  more 
exceptional  forma  being  here  described. 

The  angler  (Lophius  piscatorius),  another  predatory  fish, 
with  an  enormous  mouth  and  disproportionately  small  body 
and  tail,  lies  hidden  in  the  mud,  or  crouched  upon  the 
bottom,  aud  makes  a.  rush  upon  smaller  fishes  which  ap- 
proach sufficiently  near  to  it ;  it  is  remai-kable  for  the 
manner  of  attachment  of  the  teeth,  some  of  the  largest  of 
which  upon  the  edges  of  its  jaws  do  not  become  anchylosed, 
but  are  so  attached,  as  has  been  described  at  p.  314,  as  to 
allow  of  their  bending  in  and  towards  the  mouth,  but  not  in 
the  opposite  or  any  other  dirt'Ction.  The  teeth  of  the  outer 
row  are  firmly  anchylosed  to  the  margins  of  the  jaw,  and  the 
far  larger  hinged  teeth  form  a  sort  of  irregidar  second  row. 

The  benefit  of  such  an  arrangement  to  a.  fish  of  its  habit 
is  sufficiently  obvious  ;  its  teeth  allow  the  utmost  freedom  of 
entry,  but, offer  obstacles  to  anything  getting  out  again. 

This  arrangement  of  teeth,  long  supposed  to  be  unique,  is 
closely  paralleled  in  a  very  different  fish,  the  Hake  (Mer- 
luciiis,  one  of  the  (Jadidffi).  This  fish,  the  moat  active  and 
predatory  of  the  Cod  family,  follows  shoals  of  pilchards  and 
of  herrings,  themselves  active  Bah,  and  feeds  upon  them. 
The  margins  of  the  jaws  carry  two  distinct  and  regularly 
arranged  rows  of  teeth,  an  outor  smaller  row  which  are 
anchylosed,  and  an  inner  longer  row  which  are  hinged. 
They  are  very  sharp,  being  tipped  with  spear  points  of 
enamel,  and   are  recm'ved.     In  the   fresh   state  tliey  look 
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q^uite  red,    being    oomposed   of    a    richly    TOBCular    vaso- 
Again,  iii  several  of  the  deep  sea  fiah  dredged  by  t 


Challen-Qer  from  the  depths  to  which  light  does  not  peue- 
trate  hinged  teeth  ha>e  been  found  {cf  p  218)  Many  of 
these  deep  sea  fiah  ha\e  ^erv  formidable  dental  armaments, 
and  curiouslv  enough  one  of  these  which  has  exceptionally 
long  uppei  teeth  has  a  downward  projection  from  the  lower 

(I)  Boinw  of  the  moutb  of  tho  Wolf-Esh  (AnarrhicaB  lupus).  The  letter 
a.  indicates  the  divergent  pointed  teeth  which  occupy  the  inlermaxillary 
bane ;  the  letter  d.  indicates  the  similar  teeth  which  sie  attached  to  the 
front  of  the  maadihle,  on  the  middle  and  back  parts  of  wbicb  are  ronnd- 
topped  oruabing  teeth  (().  Strong  cruehing  teeth  arc  found  also  upon  the 
pnlatine  bonea  (6),  and  upon  the  Tomer  (e). 
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jaw,  which  servea  to  protect  them  while  olosed,  aa  arraugo 
ment  olsewhei-e  on!y  met  with  in  estiiict  mammalia,  such  as 
Dinocenis  and  Machairodus  figured  later  on  in  this  work. 

Another  curious  dentition  is  posaessed  by  the  Wolf-fish 
(Anarrhicaa  lupua),  also  ati  inhabitant  of  British  waters, 
and  sometimes  to  be  seen  in  Loudon  fishmongers'  shops 
under  the  name  of  the  sea  cat  The  intermaxillary  teeth 
are  conical,  bluntly  pointed,  and  set  forwards  and  outwards ; 
these  are  antagonised  by  somewhat  similar  teeth  in  tbo 
front  of  the  lower  jaw.  The  palatine  bones  carry  short, 
bluntly  conical,  or  round  topped  crashing  teeth  in  a  double 
row  ;  the  vomer  is  also  armed  with  a  double  row  of  very 
much  larger  and  shorter  teeth ;  the  lower  jaw,  with  the 
exception  of  its  anterior  part,  is  occupied  by  teeth  of 
similar  character. 

All  the  teeth  of  the  Wolf-fish  are  anchylosed  slightly  to 
the  bone,  a  definite  process  from  which  forma  a  sort  of  short 
pedestal  for  each  tooth.  The  jaws  are  worked  by  muscles 
of  great  power,  and  it  seldoni  happens  that  a  specimen  is 
examined  in  which  some  of  the  teeth  are  not  bi'okon.  It 
■feeds  upon  shell  fish,  the  hard  coverings  of  which  are 
crashed  by  the  blunter  teeth,  while  the  pointed  front  teeth 
apparently  serve  to  tear  the  shell  fish  from  the  rocks  to 
which  they  are  commonly  attached. 

In  the  group  of  fish  known  as  "  Gymnodonts  "  (naked 
toothed),  the  teeth  and  the  margins  of  the  dentigerous  bones 
form  a  sort  of  beai,  which  is  not  covered  by  the  lips.  The 
example  here  figiu-ed  consists  of  the  upper  and  lower  jaws  of 
the  Diodon,  so  called  because  it  appears  to  casual  obseryators 
to  have  but  two  teeth.  A  kmdred  fish  m  which  the  division 
■of  each  jaw  in  the  middle  line  is  conapicuouH,  la  similarly 
called  Tetrodon.  The  jaw  consists  of  teeth  and  bone  veiy 
intimately  fiised  together ;  the  broad  rounded  mass  (c.  in 
the  figure),  which  lies  juat  maide  the  maigiu  of  the  jaw,  19 
made  up  of  a  number  of  honzontal  plates  of  dentine,  the 
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edges  of  which  crop  out  upon  ita  posterior  surface 
these  arc  united  to  oue  another  hy  the  calcification  of  the 
last  remnins  of  the  pulp  of  each  plate  into  a  sort  of  osteo- 


1 

and         y 
f  the  I 


dentine,  the  different  hardness  of  the  two  tiasues  ki 
the  surface  constantly  rough,  as  the  pKteB  become  worn  away. 
The  ■whole  margin  of  the  Jaw  is  similarly  built  up  of  smaller 
horizontally  dispoaed  denticles  or  plate's  tf  dentine,  which 
are,  as  they  wear  down,  replaced  b\  the  development  of 
fresh  plates,  which  arc  added  from  beneath  where  they  are 
developed  in  cavities  situated  low  down  lo  the  substance  of 
the  bone. 

The  new  teeth  or  plates  of  dentine  thus  formed  at  the 
base  of  the  hemispherical  masaeB  within  the  jaws  {at  the 
point  a),  or  low  down  in  the  substance  of  the  jaw,  do  not 
come  into  use  by  the  ordinary  process  of  displacing  their 
predecessors,  and  being  in  turn   themselves  replaced,  hut 

(')  JawB  of  tiieDiDilon.  a.  Bageof  tliedental  plates,  wbere  new  lumellte 
of  dentine  are  being  developed,  h.  Mstgin  o£  jaw,  formed  majnlj  by  the 
■ides  of  the  dentidea.  c.  Coapoand  tooth,  msde  up  of  the  superitDposed 
lameUffi  of  deotine  ancbjlosed  together. 
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fresh  plates  only  come  into  uae  by  the  actual  wearing  away 
of  all  that  IB  above  them,  both  dentine  and  bone,  so  that 
they  come  to  be  the  topmost  portion  of  the  jaw.  The 
margins  of  the  jaw  are,  however,  mainly  built  up  of  dental 
tisauea,  there  Iwiiig  but  little  bone  iu  their  interspaces. 

Tetrodon  hoa  rot  the  rounded  triturating  disk  of  the 
Diodon,  or  has  it  but  feebly  represented ;  and  the  margins 
of  the  jaws  are  aharper. 

In  the  parrot-fishes  (Scarus),  which  are  not  very  nearly 
allied  to  the  Gymnodonts,  somewhat  similar  beaks  are  found, 
the  individual  teeth  being  more  conspicuous.  The  whole 
outer  surface  of  the  jaw  near  to  \ts  working  edge  ia  covered 
by  a  sort  of  tesselated  pavement,  formed  by  the  several 
teeth  which  are  pressed  together  into  a  mass,  but  they  form 
only  the  outer  surface  and  the  immediate  edge,  so  that  the 
soft  bone  forms  a  part  of  the  working  surface,  or  would  do 
ao  but  that,  by  its  more  speedy  wear,  it  leaves  the  edge, 
formed  by  dentine  and  enamel,  always  prominent  and  more 
or  less  sharp. 

The  structure  and  succession  of  these  teeth  have  been 
carefully  described  by  J.  von  Boas  (Zeits.  f.  Wissen.  ZooL 
zzxii),  and  the  differences  between  the  several  genera 
pointed  out.  He  describes  cementum  as  binding  the 
denticles  together  and  forming  a  part  of  the  working  edge, 
but  that  which  he  describes  as  cementum  appears  to  me  to 
be  that  tissue  which  I  have  termed  "bone  of  attachment." 
See  p^e  220. 

In  a  section  of  a  jaw  in  my  possession,  which  I  beliered 
to  have  belonged  to  a  Gymnodont  flah  but  which  bears  a 
remarkably  close  resemblance  to  that  figured  by  von  Boas 
OS  being  a  jaw  of  Pseudoscarus,  a  very  beautiful  arrange- 
ment serves  to  preserve  the  sharpness  of  the  edge  of  the 
jaw. 

The  denticles  are  conical,  and  form  a  series  of  hollow 
superimposed  cones  with  the  points  upwards ;  they  consist 
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of  dentine  and  enamel,  and  the  point  of  the  siibjacent  cone 
fits  closely  up  iato  the  hollow  of  that  above  it,  ho  closely 
that  in  von  Boas'  specimen  the  dentine  of  the  older  tooth  is 
in  great  part  absorbed  (!)  to  make  way  for  the  point 

Fio.  105  (' 
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successor,  so  that  the  working  denticle  cornea  to  be 
more  than  a  hollow  cone  of  enamel.  This  ia  not  the  case  in 
my  specimen  in  which  there  is  a  quantity  of  dentine  left 
in  ench  denticle.  This  vertical  series  of  superimposed 
sharp  cones  He  in  the  midst  of  the  somewhat  thin  jaw  bone, 
fused  together  by  cementum  (]  bone  of  attachment),  and 
enclosed  between  the  inner  and  outer  plates  of  the  jaw. 


(')  Edge  oE  jaw  of  Pseudosoarna  (!) 


Deotii^l 
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The  bone  being  much  softer  than  the  denticle,  weais 
down  much  faster,  bo  that  tlio  edge  is  always  formed  by  a. 
prominent  sharp  tooth,  which,  as  the  wearing  down  of  tbo 
bone  progreBBos,  falls  oft',  and  the  next  one  beneath  it  comcB 
,  into  play-  The  arrangement  recalls  the  way  in  which  a 
scythe  or  a  chisel  is  assisted  in  keeping  its  edge  by  being 
made  of  a  plate  of  steel  welded  between  two  plates  of 
softer 


The  pharyngeal  bones  are  also  remarkable  ;  the  two  lower 
are  united  into  one,  and  the  stout  bone  so  formed  ia  armed 
with  teeth  ;  it  is  antagonised  by  two  upper  pharyngeal  bones 
similarly  armed.  It  carries  teeth  which  are  anchylosed  to 
it,  and  which  are  so  disposed  as  to  keep  the  surface  con- 
stantly rough.  When  they  are  freslily  formed  the  teeth 
have  flattened  thin  edges,  something  like  human  incisors. 
The  teeth  are  coated  with  enamel,  and  thus,  when  caloiti- 
cation  has  proceeded  ao  far  iis  to  obliterate  their  central 
pulp  cavities,  after  the  tooth  is  worn  to  a  certain  point 
(e  in  Fig.  104)  it  presents  a  ring  of  enamel,  inside  which 
comes  a  ring  of  dentine,  and  inside  this  a  core  of  seeondaiy 

{')  Lover  pluuTngeal  bone  oE  pEeudDBcarus.  a.  I'otUrior  bolder,  at 
whicb  the  tcetli  are  uawora.  c.  Oval  areas  formed  by  leotb,  the  points 
d£  which  are  worn  off.  6.  Anterior  edge  ot  bone,  st  ivlik'h  the  teeth  are 
almost  completely  worn  n»uy. 
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dentine,  as  seen  in  the  figure.  Owing  to  the  different  hard- 
ness of  the  three  tissues  a  constant  roughness  of  surface  is 
maintained.  The  upper  pharyngeals  are  similarly  armed  ; 
and  as  the  teeth  and  the  supporting  bone  wear  away,  fresh 
teeth  are  develo]>ed  at  the  front,  so  that  the  whole  bone 
undergoes  a  sort  of  gliding  motion  baokwarda,  the  armature 
of  the  lower  pharyngeal  being  renewed  in  a  similar  manner, 
save  that  new  teeth  and  bone  are  developed  at  its  posi 
instead  of  its  anterior  extremities. 

The  teeth  are  developed  in  bony  crypts, 
youngest  functional  teeth,  and  perforations  in  the  roofs  of 
the  crypts  give  passage  to  the  connecting  band  between  the 
tooth  sac  and  the  mucous  membrane. 

No  more  fitting  place  will  occur  for  noticing  the  stout 
pharyngeal  teeth  which  are  met  with  in  ao  many  fiah. 
Some  fish,  which  are  edentulous  so  far  as  the  mouth  proper  is 
concerned,  have  the  pharyngeal  bones  armed  with  teeth  : 
in  the  carp  and  its  allies,  edentulous  so  far  as  the  mouth 
proper  is  concerned,  the  two  lower  pharyngeal  bones  carry 
long  pointed  teeth,  which  partly  oppose  one  another,  and 
partly  oppoae  a  sort  of  homy  tubercle,  which  is  supported 
on  a  process  of  the  base  of  the  occipital  bone. 

A  few  fish  are  quite  without  teeth ;  the  sturgeon,  whose 
mouth  forms  a  protruaible  sucker,  ia  edentulous,  as  are  also 
the  pipe  fish,  and  the  little  aea  horse  (Hippocampus),  now  ao 
common  in  aquaria. 

But  as  a  rule  fish  are  remarkable  for  the  great  number  of 
their  teeth,  which  are  being  constantly  shed  off  and  replaced 
by  successors  an  indefinite  number  of  times. 

In  all  the  fish  hitherto  mentioned  in  these  pages,  it 
happens  that  the  t«eth  in  different  parts  of  the  mouth  differ 
in  size  and  in  tfie  function  which  they  have  to  perform ; 
but  this  is  only  so  because  a  few  striking  forms  have  been 
naturally  selected  for  description.  It  is  far  commoner  for 
all  the  teeth  of  a  fish,  particularly  of  those  fish  which  have 
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countless  numberB  of  feeth,  to  be  very  nearly  aliko  in  form 
1  size  in  all  parts  of  the  mwuth.  Ah  a  general  rule,  Bah 
do  not  comminute  their  food  very  fully,  but  make  use  of 
their  teeth  simply  for  the  prehension  of  prey,  not  Bub- 
mitting  the  food  to  any  mastication  whatever  ;  their  teeth 
'  are  hence  often  mere  sharp  cones,  slightly  recurved,  or  set 
looking  backwards.  Thus,  though  the  mouth  of  the  common 
pike  is  beset  ■^■ith  an  immense  niimber  of  sharp  teeth,  its 
food  ia  swallowed  whole,  and  very  often  is  alive  when  it 
reaches  the  stomach,  the  sole  purpose  served  by  the  teeth 
being  the  prevention  of  its  escape  when  once  it  has  been 
seized. 

Implantation  of  the  teeth  in  sooketa  is  not  usual  in  the 
clasa  of  fish,  but  it  does  occur  ;  for  example  the  Barracuda 
pike  (Sphyrffina)  has  its  lancet-ahaped  teeth  implanted  in 
distinct  sockets,  to  the  walls  of  which  they  are  said  to 
become  slightly  anchylosed ;  the  file-iish  and  others  might 
also  be  cited.  And  although  the  succession  of  teeth  is 
usually  from  the  side,  in  some  coses  the  successional  teeth 
are  developed  in  alveolar  cavities  within  the  substance  of 
the  bone,  and  displace  their  predecessors  in  a  vertical  direc- 
tion, as  happens  in  the  pharyngeal  teeth  of  the  Wrasses,  or 
the  curiously  human-looking  incisors  of  the  Sheep's  head  fish 
(Sargus)  ;  the  Lepidosteus  also  has  its  teeth  affised  in  incom- 
plete sockets,  to  the  walls  of  which  they  are  anchylosed ; 
this  is  not  a  very  uncommon  arrangement  with  the  teeth  of 
fish  when  they  are  socketed  at  all. 

It  is  not  common  for  sexual  difFerences  to  be  met  with 
between  the  teeth  of  the  male  and  female,  though  a  slight 
difference  exists  between  the  sexes  in  some  species  of  Skate. 
And  although  not  strictly  speaking  a  dental  choi-aoter,  it 
may  not  be  out  of  place  to  mention  here  the  peculiar 
armature  of  the  jaw  of  the  male  Salmon  at  the  breeding 

The  end  of  the  lower  jaw  becomes  produced,  and  turned 
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upwards  at  its  poiut;  the  atout  cartilaginous  hoolc  thui'^ 
formed  is  of  such  dimensious  that  it  has  to  be  acoommo- 
dated  during  closure  of  the  mouth  in  a  deep  cavity  forniBd 
for  it  between  the  iiitermasillary  bonea.  In  some  Canadiau 
salmou  this  process  is  supposed  to  be  constant  In  the  older 
males,  but  iu  the  British  fish  it  disappears,  and  only  esists 
at  the  breeding  season.  A  fish  in  which  It  is  strongly 
developed  is  a  foul  fish,  and  is  called  a  Kelt.  It  ia  used 
apparently  as  a  battering  ram,  and  such  salmon  ai'e  con- 
stantly found  killed,  with  their  sides  deeply  gashed  by  the 
charges  of  their  opponenta. 

Not  much  can  be  said  in  general  terms  of  the  structure 
of  the  teeth  of  fiafi.  The  bulk  of  the  teeth  of  most  fishes 
is  made  up  of  one  or  other  modification  of  vasodeutine  or 
oiteodentine  ;  this  la  often  glazed  over  upon  its  exterior  by 
a  thin  film  of  enamel,  so  thia  as  often  to  appear  structure- 

Unvasoular  dentine  also  forma  the  teeth  of  many  fish, 
and  in  aome  is  remarkable  for  the  fineness  of  its  tubes  j  in 
fact,  every  form  of  dentine,  from  fine-tubed  hard  dentine 
to  tissue  indistinguishable  from  coarse  bone  ia  to  be  found 
iu  this  class. 

Dentine  of  very  complex  structure  (labyrintho-dentine) 
.is  met  with  in  some  fish ;  and  an  example  from  the  Lepi- 
dosteus  (American  garpike,  a  ganoid  fish)  has  been  figured  at 
page  82. 

Enamel  is  often  present  in  a  very  tbin  layer,  glazing 
the  exterior  of  the  dentine  (see  Fig.  49);  sometimes  it 
forms  a  mere  tip,  a  sort  of  spear-point  to  the  tooth  as  in 
the  Eel  and  the  Hake  (see  Figs.  93  and  89),  and  sometimes 
it  is  very  thick,  and  itaelf  permeated  by  systerna  of  tubes 
(see  Fig.  25). 

Cementum  is  of  compai-atively  rare  occurrence  in  fish. 

Professor  KoUiker  has  shown  that  in  a  veiy  large  number 
of  fishes  the  skeleton   more  nearly  resembles  dentine  than 
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true  bone  in .  its  structure ;  whilst  the  dermal  scales  and 
protective  spines  of  fish  are  often  made  up  of  a  tissue  much 
resembling  dentine  (cf.  Professor  Williamson,  Philos.  Trans. 
1849).  We  may  say,  then,  that  just  as  in  the  external  skin, 
bony  or  dentinal  plates  are  developed  for  the  purpose  of 
protecting  it  from  destruction  by  attrition,  so  for  a  similar 
purpose  teeth  are  developed  in  that  portion  of  the  mucous 
membrane  which  covers  the  jaws. 


CHAPTER    VII. 

THE  TEETH   OF  BATRACHIA  AND  BEPTILB8. 

« 

In  these  classes  the  teeth  are  never  so  numerous  nor  so 
widely  distributed  upon  the  bones  of  the  mouth  as  in  fish ; 
a  double  row  of  teeth  arranged  in  concentric  lines  in  the 
upper  jaw,  between  which  a  single  row  of  teeth  upon  the 
lower  jaw  passes  when  the  mouth  is  closed,  is  an  arrange- 
ment rather  common  amongst  Batrachia.  The  outer  of  the 
two  rows  of  teeth  in  the  upper  jaw  is  situated  upon  the 
premaxillary  and  maxillary  bones,  and  usually  extends 
further  back  than  the  vomerine  or  inner  row.  Almost  all 
Batrachians  and  Eeptiles  have  an  endless  succession  of 
teeth  ;  but  there  are  a  few  lizards  (f.^.,  Hatteria),  in  which 
the  manner  of  succession,  if  there  be  any,  has  not  been 
definitely  ascertained. 

From  this  type  of  dentition  there  are  many  deviatioiiB ; 
thus  the  toads  are  edentulous,  and  the  frog  has  no  teeth  in 
the  lower  jaw. 

The  teeth  of  the  frog  form  a  single  row  upon  the  mai^gin 
of  the  upper  jaw,  their  points  projecting  but  little  above 
the  surface  of  the  mucous  membrane,  and  the  vomerine 
teeth  are  few  in  number  and  cover  only  a  small  space. 

The  edentulous  lower  jaw  passes  altogether  inside  the 
row  of  upper  teeth,  and,  having  rounded  surfaces  and  no  lip, 
fits  very  closely  against  the  inner  sides  of  the  teeth.  Thus 
it  leaves  very  little  room  for  the  young  developing  tooth 
sacs,  which  are  accommodated  with  the  space  required  for 
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the  attainment  of  their  full  sizo,  by  the  abaorptiou  of  the 
older  solid  hone  and  the  tooth  which  has  preceded  them, 
in  the  following  manner.  The  teeth  are  attached  to  the 
bone  by  anehyloaia,  each  tooth  being  perched  upon  a  little 
pedestal  of  bone  which  is  speciiilly  formed  for  it ;  and  the 
successional  teeth,  the  germs  of  which  origiually  lay  at 
the  inner  sides  of  the  old  teeth,  commonly  undermine  the 
aide  of  the  pedestals  and  the  bases  of  the  latt«-,  and  move 
bodily  beneath  them,  so  that  the  new  tooth  completes 
its  development  in  what  was  once  the  pulp  cavity  of  its 

The  teeth  of  the  frog  consist  of  a  body  of  hard  dentine, 
coated  with  an  exceedingly  thin  layer  of  enamel,  the  exist- 
ence of  which  has  been  doubted  by  some  writers  ;  but  a 
study  of  the  tooth-aac  of  the  animal  renders  it  probable  that 
the  transparent  layer  which  is  undoubtedly  there  is  really 
enamel. 

The  teeth  of  the  newt  and  its  ally  the  salamander  are 
remarkable  for  having  tips  of  enamel,  somewhat  like  those 
of  the  eel  {see  Fig.  93),  save  that  they  are  bifurcated,  the 
one  point  being  larger  and  longer  than  the  other. 

The  tadpole  has  its  jaws  armed  with  tough  homy  plates 
something  like  a  turtle's  bill,  which  are  shed  off,  prior  to 
the  development  of  any  true  teeth ;  at  all  events  I  have 
myself  been  unsuccessful  in  discovering  any  tooth  germs  at 
the  period  when  its  homy  bills  are  still  in  use,  but  Dr. 
Beard  states  that  the  homy  teeth  of  amphibian  larv£e  are 
secondary  developments. 

Some  extinct  batrachia  were  of  large  size ;  the  Laby- 
rinthodon,  the  structure  of  whose  teeth  has  already  been 
described  (page  85),  was  furnished  with  a  marginal  row  of 
teeth  in  the  upper  jaw,  of  which  some  few  were  of  larger 
size  and  greater  length  than  the  others.  In  the  lower  jaw, 
the  teeth,  which  are  similar  to  those  of  the  upper,  are 
disposed  in  some  sense  in  an  incomplete  double  row,  the 
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aeries  of  amaller  teeth  not  being  interrupted  by  tlie 
leiioe  of  the  larger  tuBka,  but  passing  in  nnhroken  seriea 
outside  them.  The  Labyrinthodon  was  posaesaed  also  of 
palatine  teeth. 

The  teeth  were  anchylosed  to  Blight  doproaaiona  or  aockets, 
and  the  Buccessional  teetb  were  probably  developed,  as  in 
the  frog,  at  the  inner  aide  of  the  bases  of  the  teeth  already  in 
position,  as  there  are  no  indiuations  of  crypta  within  the 

In  many  reptiles  teeth  are  developed  for  the  merely  tem- 
porary end  of  effecting  an  exit  from  the  egg-shell.  This 
purpose  is  sufficiently  answered  by  tiie  hard  snout  of  the 
crocodiles,  and  by  a  aort  of  snout  developed  in  Chelonl4,  but 
snakes  and  lizarda  have  sharp  teeth,  which  afterwards  are 
lost,  developed  on  the  premaxillary  bones  (Owen). 

The  Che  LONiA,  comprising  the  Tortoises  and  Turtles,  have 
no  teeth,  but  the  margins  of  the  jaws  are  sheathed  in  homy 
cases,  which  are  variously  shaped  in  accordance  with  the 
habit  of  the  animal,  being  sharp  and  thin  edged  in  carni- 
vorous, and  blunt  and  nigged  in  herbivorous  apeciea. 

Saurias  reptiles  (lizarda,  &c.),  have,  as  a  rule,  rather 
simple  teeth,  which  ai'e  confined  to  the  margin  of  the  jaws, 
the  occurrence  of  palatal  teeth  being  less  usual.  The 
teeth  are  of  various  forms,  being  blunt  and  roumled  in  many 
genera,  whilst  in  others  they  are  long  and  jxiinted.  They 
are  generally  made  up  of  a  central  body  of  hard  dentine, 
more  or  less  completely  invested  by  a  cap  of  enamel ;  and 
they  are  attached  to  the  bone  by  anchylosis. 

When  the  tootb  is  ancbjlosed  by  its  outer  side  to  an 
external  parapet  of  bone,  the  creature  is  said  to  be  "  pleu- 
rodont,"  when  by  the  end  of  its  bafie  it  ia  attached  to  the 
summit  of  a  parapet  it  is  "  aorodont." 

The  succeasion  of  teeth  in  the  Lizards  is  constant,  new 
teeth  being  developed  at  the  inner  side  of  the  bases  of  the 
old  teeth,  which  become  undermined  by  absorption  and  fall 
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see 


b  certain 


L  Moaifur 


off  when  the  BucceBBional  tooth  has  attained  to  i 
stage  in  its  ctevelopment. 

The  accompanying  figure  of  the  lower  jaw  of  i 
lizard  will  give  an  idea  of  a  dentition  commo 
group.  The  teeth  are  not  very  large  nor  very  r 
there  being  about  30  in  the  jaw  ;  towarda  the  front  of  the 


1 


mouth  they  an 

the  differences 

At  the  iniie 


a  little  more  pnuted  than  at  the  back  but 
a  this  respect  are  not  striking 
'  side  of  the    bases  of  the  teeth  are  seen 
foramina  which  lead  into  the  spaces  in  which  new  teeth  are 
being  developed. 

Amongst  the  lizards  considerable  ^a^etY  m  the  f  rm  of 
the  teeth  themselves  exists  some  haiing  thi  i  uerrated 
edges,  others  being  exceedingly  blunt  »nd  rounded  but  in 
the  general  disposition  of  the  teeth  there  is  considerable 
uniformity. 

The  teeth  of  some  lizards  consist  at  their  apices  of  ordinary 
hard  dentine,  with  a  simple  central  pulp  cavity,  but  at 
their  bases  of  plicidentine  with  numerous  subdivisions  of 
the  pulp  cavity,  as  is  seen  in  the  Monitor  lizards  (VaranuH, 
see  p.  83).     One  Mexican  lizard  (Hclodcrmus)  ha^  the  re- 
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patatioa  of  being  poisonous,  and  has  teeth  irhich  are 
grooved  both  back  and  front ;  but  it  is  doubtful  whether  its 
harmful  powers  hare  not  been  exaggerated.  In  Ueloderma 
the  salivar;  gl&nds  of  the  lower  jaw,  probably  the  sub- 
maxillary glands,  lie  close  agaioat  the  under  side  of  the  bone. 
In  a  dissection  made  by  Professor  Stewart  upon  a  specimen, 
in  the  College  of  Surgeons  museum,  there  appear  to  be  a 
number  of  ducts  which  seem  to  actually  perforate  the  bone, 
ani  they  emerge  by  series  of  little  holes  which  lie  in  the 
sulcus  between  the  lip  and  the  teeth,  close  to  the  necks  of 
the  teeth. 

In  the  Python  the  corresponding  gland  also  has  many 
dncts  which  open  in  a  similar  position,  but  they  attain  to  it 
without  any  perforation  of  the  bone,  and  there  is  no  reason 
to  suppose  that  their  secretion  is  at  all  poisonous ;  in  the 
cose  of  Heloderma  there  is,  however,  no  doubt  that  the 
secretion  is  poisonons ;  indeed  the  bite  of  a  specimen  in 
the  Zoological  Gardena  has  been  found  to  be  fatal  to  small 
animals,  and  Dr.  Weir  Mitchell  states  that  in  one  instance 
it  is  known  to  have  been  fatal  to  man.  It  is,  however,  a. 
creature  of  gentle  disposition,  and  it  is  not  at  all  easy  to 
make  it  bite. 

Vaflo-dentine  occurs  in  the  teetli  of  some  saurians,  os 
for  example,  in  those  of  the  great  extinct  Iguanodon,  in 
which  it,  roughly  speaking,  formed  the  inner  half  of  the 
crown,  the  outer  moiety  consisting  of  hard  dentine.  In 
addition  to  this  peculiarity,  the  teeth  of  Iguunodon  were 
remarkable  for  the  partial  distribution  of  the  enamel,  which 
was  strongly  ridged,  the  ridges  being  serrated,  and  ivaa  con- 
fined to  the  outer  side  of  the  crown.  Thus  at  the  outside 
came  the  hardest  tissue,  the  enamel ;  next  the  harder  dentine, 
and  on  the  inside,  the  softer  vaso-deutine.  Hence,  as  the 
tooth  wore  down,  a  sharp  edge  was  long  preserved. 

There  is  a  New  Zealand  lizard,  to  which  the  several  names 
of  Hatteria,  Spbenodon,  and  Rhyncocephalus  have  been  given. 
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which  has  a  very  peculiar  dental  armature  (Dr.  Gilather, 
Phil.  Traua.,  1867). 

The  intermaxillary  bones  are  armed  with  two  teeth,  so 
large  as  to  be  co-exteneivB  with  the  whole  bone  in  width, 
and  of  a  form  which  recalls  that  of  the  gnawing  incisors 
of  Rodents  ;  the  other  teeth  are  quite  small,  and  "  acrodont " 
in  their  attachm.ent. 

Bnt  the  gi-eat  iieculiarity  of  Hattoria  ia  that  the  alreolar 
margins  of  the  jaws  are  sharp,  and  when  the  teeth  are  worn 
down,  which  woiild  happen  in  adult  specimens,  the  actual 
sharp  margins  of  the  bone  come  into  pluy  as  masticatory 
oi-gauB,  near  to  the  front  of  the  mouth.  It  occurred  to  me 
as  probable  that  the  surface  thus  exposed  might  be  coated 
with  dentine,  but  a  microscopic  eiamination  of  one  of  the 
specimens  in  the  British  Museum,  which  I  was,  by  the 
kindness  of  Dr.  GUnther,  enabled  to  make,  proved  that  the 
I  dense  ivoiy-like  surface  which  serves  the  purposes  of  masti- 
cation is  true  bone,  and  has  no  relation  to  dental  structure. 

There  are  very  few  -other  instances  of  actual  bone, 
uncoated  by  dental  tissues,  being  used  for  masticatory 
purposes. 

The  great  extinct  Dicynodon,  an  African  fossil,  also 
had  sharp  trenchant  margins  to  ita  jaws ;  it  is  not 
known  whether  these  were  sheathed  in  homy  cases  like 
those  of  the  tnrtles,  or  whether  the  bones  themselves  came 
into  use,  as  in  Hatteria,  But  the  most  striking  peculiarity 
of  Dicynodon  was  the  co-esistence  with  such  jaws  of  a  pair 
of  very  large  caniniform  tusks,  a  thing  very  unusual  in 
the  reptilian  class,  extending  downwards  and  forwards  from 
the  upper  jaw,  and  growing  from  persistent  pulpa. 

The  dentition  of  Ophidian  reptiles  (enakesj  is  very  uni- 
form; they  may  be  conveniently  divided  into  two  groups, 
the  poisonous  and  the  non-veaomous  snakes. 

Non-veuomous  snakes  have  one  row  of  teeth  in  the  lower 
jaw,  and   two  rows    iu  the  upper  jaw ;   in   the  latter  the 
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cQaiillary  bones  carry  oue  row,  whUe  a  parallel  internal 
ie  supported  upon  the  palatine  and  pterygoid  bones. 

The  teeth  are  in  both  groups  sti-oogly  recurved,  and  are 
firmly  anchyloacd  to  the  bone  ;  they  consist  of  a  central 
body  of  uuvascular  dentine,  coated  by  a  very  thin  layer  of 
enauiel  (there  is  not,  as  is  generally  supposed,  any  layer  of 
cementum,  the  enamel  having  been  erroneously  supposed  to 
be  such). 

The  two  halves  of  the  lower  jaw  are  connected  at  the 
aymphysis  by  an  exceedingly  elastic  ligament ;  their  articu- 
lation with  the  base  of  the  skull  through  the  med  um  of  an 
elongated  movable  quadrate  bone,  is  also  s  h  as  to  allow 
of  their  being  widely  separated  from  the  skull  and  f  m  oue 
another,  which  allows  of  the  dilatation  rendered  e  saryby 
the  large  size  of  the  creatures  which  a  snake  swallow    whole. 

The  teeth  of  the  snake  are  simply  a  Uhle  fo  seizing 
prey  and  retaining  it,  as  the  snakes  invariably  swallow  their 
prey  whole,  and  in  no  sense  masticate  it. 

As  the  object  to  be  swallowed  ie  t>ften  so  disproportionately 
large  aa  to  make  the  process  of  deglutition  appear  an  im- 
possibility, the  mouth  and  pharjni  have  to  undergo  great 
dilatation.  The  arrangements  which  combine  to  give  to  the 
lower  jaw  its  mobility  have  just  been  alluded  to ;  the 
successiocal  tooth  germs,  which  are  very  numerous,  are 
also  arranged  in  the  snake  in  aft  unusual  position,  which  by 
bringing  them  very  close  to  the  surface  of  the  bone,  to 
which  they  lie  panvllel,  rendera  them  less  liable  to  displace- 
ment and  injurj-  than  they  would  have  been  had  they  been 
placed  vertically,  as  they  are  in  all  other  creatures ;  while 
in  addition  to  the  advantage  of  protection  by  position,  they 
are  wrapped  round  by  a  sort  of  adventitious  capsule  of  con- 
nective tissue. 

As  the  teeth  during  their  development  are  thus  lying  down 
parallel  with  the  length  of  the  jaw-bone,  when  the  period 
for  their  replacing  a  predecessor  arrives,  they  have  not  only 
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to  move  upwftriia,  but  also  to  become  erected ;  how  this 
is  done  remains  a  mystery,  for  I  have  been  quite  unable  to 
discern  the  meiina  by  which  it  is  accomplished, 


1  aiiokc  has  seized  ita  food  which  it  retains  by 
8  of  its  many  sharp  recurred  teeth,  it  slowly  swallows 
it  by  advancuij,  first  its  lower,  then  its  upper  jaw,  till  it 
thus,  so  to  apeal ,  forces  itfcelf  over  the  body  of  its  prey. 
When  this  latter  is  largt  deglutition  is  a  very  lengthy 
process,  but  an  English  suake  ctn  sisallow  a  moderate- sized 
frog  with  cousiderable  rapidity. 

(1).  Doraloping  teeth  of  a.  Snake,  /.  Oral  epithelium,  e.  Seek  of  tbe 
enamBi  organa.  h.  Dentine  pulp.  r.  Enamel  cella.  d.  Dentine.  1,  2. 
Very  young  gemis.     3,  i.  Older  aennE, 
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There  is  an  African  snake  (Kachiodon)  which  baa  none  but 
rudimentary  teeth ;  its  food  consists  of  eggs,  wliich  thus 
escape  breakage  until  they  reach  the  cesophagus,  into  which 
spinous  processes  from  the  under  surface  of  the  vertebrsB 
project,  and  there  serve  to  break  the  egg ;  snakes  with 
their  dentitions  similarly  modified  exist  also  in  India  (e. 
Elachistodon). 


but  ' 


It  has  already  been  mtntioucii  that  the  u 
snakes  have  two  complete  rows  of  teeth  in  the  upper  jaw, 
the  outer  row  being  situated  on  the  mamillary  bones,  the 
inner  upon  the  palatine  and  pterygoid  bones.  The  teeth  of 
such  snakes  as  the  Pythons  are  all  simple  recurved  eones, 

(I)  One  half  oi  tlie  ekuU  of  a  Pjtiion  (without  the  lower  jaw)  «een  from 
below.  0.  Inlermaiillary  bone.  b.  Maxillary  bone,  carrjine  the  outer 
low  o£  teeth,  c.  d.  Talatine  bone  and  pterygoid  bone,  lie  teeth  npon 
whicb  couBtitat«  the  inner  or  eecDn<l  row  of  teeth. 
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and  are  none  of  them  either  grooved  or  canaliculated,' 
Some  of  the  harmleas  snakes,  however,  have  particular 
teeth  which  are  developed  to  a,  greater  length  than  the  rest, 
and  others  have  the  posterior  teeth  on  the  maxillary  bones 
grooved  ;  but  the  statement  that  this  grooving  serves  to 
convey  an  acrid  saliva  into  the  wotmd  inflicted  rests  on  in- 
sufGcient  foundation.  The  poisonous  snakes  an 
terized  by  a  shortening  of  the  series  of  teeth  carried  upon 
the  maxillary  bone,  and  by  the  front  teeth  of  the  series  being 
developed   to  much   greater  length  tlinn   those    which  lie 
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behind  it.  Thus  Hydrophis,  a  genus  of  poisonous  sea-snakes, 
has  five  or  more  teeth  upon  the  masillaiy  bone,  the  fore- 
most of  which  is  much  the  largest,  aud  this  lai-geat  tooth  is 
BO  deeply  grooved  upon  its  anterior  surface  as  to  be  converted 
into  a  tube,  the  tube  ser\'ing  to  convey  the  poieon  into  the 
wounds  inflicted  by  it. 

(')  It  has  been  propoBed  to  divide  the  Opbidia  into  groupe,  dUtinguislicd 
by  the  presenoB  oc  absence  of  grooved  teeth,  thus  ; — 

i.  A^yphodontia.     No  gruoved  or  ciuudiculat^d  mniillnr;  t«eth. 
u.   Opiilhoylypltia.     Some  oF  Die  posterior  niiiiillaiy  teeth  grooved. 
iH,  Protemgli/phia.     Anterior  inaiilhirj  teeth  grooved. 

Posterior  maxillary  teeth  solid, 
iv.  Sotenoylypkia.      Maxillary    teeth    few,    canaliculated — poisonous 

O  Head  and  jaws  o£  Hydrophis.  The  raaxilliuy  bone  (5),  inslead  o£ 
carrying  a  complete  sDrica  of  teeth,  is  amied  with  a  few  teeth  only  near  to 
ihe  front.     The  foremoBt  tooth  is  canaliculated,  aod  forms  the  poiEon  fang. 


A    MAXUJL    OF   IiEXTAL    AXATOMY. 


Poisonous  anftkoa  which  have  several  teeth  upon  the 
maxillary  bone  for  the  moat  part  present  some  little  external 
resemblance  to  the  haroiless  anakes,  and  arc  called  "  colu- 
briae  poisonous  anakes  "  {coluber  being  the  name  of  a  genua 
of  harmless  anakea);  they  present  transitional  characters 
betweeu  these  and  the  more  specialised  or  "  viperine  "  poison- 
ous snakes.  The  Cobra  ia  a  familiar  example  of  e.  colubriue 
poisonous  snake,  and  almost  all  the  venomous  snakes  of 
Australia  belong  to  this  group.  Their  poison  fangs  are  not 
very  long,  and  they  remain  constantly  erect,  the  maxilla  to 
which  they  are  aochylosed  not  being  movable,  oa  in  the 
viperine  snakes  :  it  also  carries  a  varying  niimber  of  small 
insignificant  teeth  behind  the  poison  fang. 

In  the  viperine  poiaonoua  anakes  (PuEF-Adder,  Kattle- 
snake,  Vipers,  ito.,)  the  poison  apparatua  ia  yet  rawre 
specialiaed.  The  maxillary  bone  carries  no  teeth  at  all 
behind  the  poiaou  fang  ;  it  is  so  reduced  in  length  aa  to  be 
of  squarish  form,  and  ia  so  articulated  to  the  skull  as  to  be 

The  poison  fang  is  of  great  length,  so  that  if  constantly 
erect  it  would  be  much  in  the  way ;  when  it  is  out  of  nse, 
however,  it  is  laid  flat  along  the  roof  of  the  mouth,  and  ie 
only  erected  for  the  purpose  of  striking ;  when  in  repose  it 
ia  altogether  hidden  by  a  fold  of  mucous  membrane,  which, 
when  it  is  erected,  becomes  tightly  stretched  over  a  part  of 
its  anterior  surface,  and  serves  to  direct  the  poison  down 
the  poison  canal  by,  to  a  great  extent,  preventing  its  escape 
around  the  exterior  of  the  tooth. 

The  mechanism  by  which  the  poison  fang  is  erected  ia 
thus  described  by  Professor  Husloy  (Anatomy  of  Verte- 
brated  Animala,  p.  241): — "When  the  mouth  ia  shut  the 
axis  of  the  quadrate  bone  is  inclined  downwards  and  back- 
wards. The  pterygoid,  thrown  back  aa  far  as  it  can  go, 
straightens  the  ptery go-palatine  joint,  and  causes  the  axis 
of  the  palatine  and  pterygoid  bones  to  coincide.     The  trana- 
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Terse,  also  carried  back  by  the  pterygoid,  similarly  pulls  the 
poBterior  part  of  the  maxilla  and  causes  its  proper  palatine 
Ahce,  to  which  the  great  channeled  poison  fangs  are  attached, 
to  look  backwards.  Hence  these  fangs  lie  along  the  roof  of 
the  fnouth,  concealed  between  folds  of  the  mucoiia  mem- 
brane. But  when  the  animal  opens  its  mouth  for  the 
purpose  of  striking  its  prey,  the  dignstrio  muscleB,  pulling 
up  the  angle  of  the  mandible,  at  the  same  time  thrust  the 
distal  end  of  the  qu!idrate  bone  forwards.     This  necessitates 

I  Flo.  lll('). 
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the  pushing  forward  of  the  pterygoid,  the  result  of  which 
is  twofold  :  fii-stly,  tlie  bending  of  the  pterygo-palatine  joint; 
secondly,  the  partial  rotation  of  the  masiljiiry  upon  its 
lachrymal  joint,  the  hidden  edge  of  the  mnsillary  being 
thrust  downwards  and  forwards. 

"  In  virtue  of  this  rotation  of  the  masillary  through  about 
a  quarter  of  a  circle,  the  dentigerons  face  of  the  maxilla 
looks  downwards  and  the  fangs  are  erected  into  a  vertical 
position.     The  snake  'strikes  '  by  the  simultaneous  contrae- 

C)  Side  Hntl  front  Tiev  of  tho  slmll  of  Cnupedoutihidus  melaa.  A 
biistla  IB  passed  down  the  [loison  canal.  Mi,  Masillsry  bonee.  M-n. 
Mdndlbk.  PI.  Palatino  bonej.  Pi.  Pterygoid  bones.  Qii.  Qnadrato 
Iwne.     T.  Transverse  bone. 

A.  Side  view,  R  Piont  view. 
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tion  of  the  crotaphtte  nmscle,  part  of  which  extends  over 
the  poison  gland,  tlie  noiaon  is  injected  into  tlie  woiind 
through  the  canal  of  the  fang,  and  this  being  withdrawn, 
the  mouth  ia  shut,  all  the  previous  movements  revereed, 
and  the  parts  return  to  their  first  position." 

The  poison  fang  is  a  long,  pointed,  slightiy  recurved  tooth, 
traversed  hy  a  canal  which  commences  on  its  front  surface, 
near  to  the  bone,  and  terminates  also  on  its  front  surface,  a 
little  distance  short  of  its  point ;  in  the  figui'e  a  bristle  has 
been  passed  through  it,  and  shows  the  points  where  it  com- 
mences and  terminates.  This  tube  conveys  the  poison  into 
the  puncture,  its  upper  orifice  being  in  close  relation  with 
the  end  of  the  duct  of  the  poison  gland. 

It  haa  been  mentioned  that  some  snakes  which  have  not 
definite  poison  fangs  have  a  few  of  the  large  posterior  teeth 
grooved  upon  their  front  surfaces,  the  object  of  this  grooving 
being,  as  a  matter  of  conjecture,  to  convey  a  more  or  lees 
poisonous  sahva  into  the  wounds  inflicted  by  them. 

By  imagining  such  an  anterior  groove  to  be  deepened, 
and  finally  converted  into  a  canal  by  its  edges  growing  up 
and  meeting  over  it,  we  shall  have  a  fair  conception  of  the 
nature  of  the  tube  in  a  poison  fang,  which  is  thus  really 
outside  the  tooth  ;  which  might  thus,  at  least  in  its  canali- 
culated  part,  be  regarded  as  a  thin  flattened  tooth  bent  round 
so  as  to  form  a  tube.  Just  as  there  are  gradations  in  the 
ai-mature  of  the  maxillary  bone,  which  link  togetlier  the 
extreme  form  of  the  harmless  Python,  and  the  venomous 
Kattlesnake,  so  there  are  gradations  in  the  form  of  the 
poison  tooth,  in  the  degree  in  which  the  groove  is  converted 
into  a  canal. 

In  colubrine  poisonous  snakes  the  canal  is  visible  on  the 
exterior  of  the  tooth,  where  an  apparent  fissure  marks  the 
point  where  the  two  lips  of  the  groove  have  met.  Thus  the 
poison  fang  of  Hydrophis,  although  in  a  part  of  its  length 
the  canal   is  quite  closed  in,  has  a  very  marked  line  along 
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its  front)  and  id  section  it  looks  much  as  would  the  dentine 
in  Fig,  1 12,  if  the  two  comua  had  their  rounded  estremities 
brought  together  into  actual  contact,  without,  however, 
their  rounded  outline  being  altered. 

But  in  the  poison  fang  of  a  viperine  snake  the  lips  of  the 
groove  are  flattened  and  fitted  to  one  another,  so  that  not  a 
vestige  of  the  join  can  be  seen  upon  the  smooth  exterior 
of  the  tooth.     In  the  following  figure  the   pulp  cavity  is 


n'to  be  a  thin  flattened  chamber  partly  surrounding  the 
tube  formed  for  the  conveyance  of  the  poison. 

The  poison-fang  is  exceedingly  sharp,  its  point  being  con- 
tinued Bome  little  distance  beyond  the  place  where  the 
poison  canal  opens  on  the  front  of  the  tooth  ;  this  disposi- 
tion of  parts  has  been  copied  in  the  points  of  syringes  for 
making  aubcntaneoua  injections. 


('}  Traneverae  Bection  of  tooth-aao  ot  poieon  fang  of  Viper,  prior  to  the 
complete  closiire  of  the  [loison  tube  b;  Che  meeting  together  of  liie  tiro 
comua  of  the  dentine,  .         ..,    -  - 
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The  deotine  is  contioued  down  to  a  very  tine  point,  and 
it  ia  cased  by  an  exceedingly  thin  layer  of  enamel,  not 
much  more  than  ^J-^  of  an  inch  in  tbickutBS  in  our  common 
Enfflwh  Tiper :  thus  the  iitmost  sharpness  is  secured, 
without  loss  of  elasticity,  which  would  have  ensued  had 
its  pomt  •been  made  up  of  brittle  enamel  only.  Enamel 
covers  the  whole  exterior  of  the  tooth  but  does  not  extend 
into  the  poison  canal  in  tiie  viperine  snakea  ;  in  Hydi-ophis 


Pin.  113("). 


PI 


I  believe  that  it  d  es  \  n  |  inr  is  simple  the  tooth 
germ  of  a  poison  fin g  iily  bei,  iracs  distm^iishable  from 
that  of  another  ophidian  tooth  after  the  tip  of  the  tooth  has 
been  formed,  when  a  groove  appears  m  its  side  (see  8  and  9, 
in  Fig.  114). 

It  being  the  habit  of  poisonous  snakes  to  make  use  of 
these  weapons  to  kill  their  prey,  which  they  consequently 
do  not  swallow  alive,  it  would  obviously  subject  them  to 
no  little  inconvenience   to   be  without  those  weapons    for 


n  of  the  poif 
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anj  considerable  length  of  time,  while  from  their  habit  of 
etrihing  living  prey  ttie  long  fiings  must  be  very  liable  to 
being  broken  off  by  the  jumping  away  of  the  creature  stnick, 
to  say  nothing  of  the  great  force  with  which  the  blow  is 

In  the  most  typical  (viperine)  poisonous  snakes  the 
succession  of  taeth  is  conducted  iipon  a  plan  which  is 
unique,  and  whiob  is  excellently  adapted  to  save  loss  of 
time  in  the  replacement  of  a  tost  poison  fang.  Upon  the 
movable  maxillary  bones  there  ia  space  enough  for  two 
poison  fangs,  side  by  side ;  only  one,  however,  is  fully 
anchyloaed  to  the  bone  at  a  time,  and  occupies  a  place  to 
the  estreme  right  or  extreme  left  of  the  bone,  leaving  vacant 
space  for  another  by  its  aide. 

When  the  tooth  in  use  faHa,  it  will  be  succeeded  by  a 
tooth  upon  the  vacant  spot  by  its  side,  not '  upon  the  spot 
upon  which  itself  stood,  so  that  the  placea  on  the  right 
and  the  left  of  the  bone  are  occupied  alternately  by  the  tooth 
in  use.  Thus  in  Fig.  Ill,  the  poison-fang  of  the  snake's 
right  aide  is  seen  occupying  a  position  on  the  extreme  out- 
side of  the  maxillary  bone,  while  its  left  poison  fang  is  fixed 
on  the  inside  of  the  maxillary  bone. 

The  upper  boundary  of  Fig.  114  is  formed  by  the  flap 
of  raucous  membrane  which  covers  in  the  poison  fang  when 
at  rest.  Nos.  1  and  2  lie  iu  the  pouch  formed  by  it,  the 
section  happening  to  be  taken  from  a  apecimen  in  which  the 
tooth  was  about  to  be  changed.  In  most  apeciniena  one 
tooth  only,  the  tooth  actually  in  use,  ia  seen  in  this  position. 

A  flap  hanging  free  across  this  space  serves  apparently  to 
keep  teeth  of  the  one  series  from  getting  over  to  the  other 
side,  and  probably  serves  to  hold  in  place  the  reserve  tooth 
when  the  older  tooth  is  erected  for  biting. 

The  reserve  poison  fangs,  as  many  as  ten  in  number  in 
the  Rattlesnake,  are  likewise  arranged  in  two  pai-allel  series, 
in  which  the  teeth  exist  in  pairs  of  almost  ecjual  age ;  the 
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tooth  in  use  is  thus  derived  alternately  from  the  one  and 
the  other  series,  as  is  indicated  by  the  consecutive  numbers 
in  tlie  figure,  a  septum  of  connective  tissue  keeping  the  two 
series  of  teeth  distinct  from,  one  another. 

The  teeth  being  arranged  in  pairs  of  ahuost  equal  age, 
suggest  that  the  Buccessiou  is  both  rapid  aud  regular.     AU 

Fio.  IIJC). 


the  reserve  teeth  he  recumbent  m  aud  behmd  the  sheatK' 
of  mucous  membrane  nhiLh  co\ei8  m  the  functional  tooth. 

This  arrttngement  of  the  sueccasional  teeth  ju  a  paired 
series  does  not  exist  in  the  Cobra,  in  which  the  successional 
teeth  form  but  a  aiugle  aeries ;  perhaps  this  may  serve  to 
explain  the  preference  of  the  snake  cliarmers  for  the  Cobra, 
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which  would  probably  take  longer  to  replace  a  removed 
poiBon  fang  than  a  viperino  snake  would  (i). 

But  in  the  colubrine  venomous  snakes  the  snccessional 
poison  fang  sometiinea  makes  its  way  to  a  spot  a  little  to  the 
side  of  its  predecessor,  so  that  there  may  possibly  be  no  loes 
of  time ;  and  notwithstanding  that  they  are  in  a  measure 
transitional  forms  between  the  harmless  and  the  vipetine 
snakes,  some  of  them  are  moBt  virulently  poisonous  and 
deadly  in  their  bite  {-). 

This  arrangement  of  two  distinct  chains  of  younger 
developing  organs,  all  destined  to  keep  the  creature 
always  supplied  with  one  ot^aa  in  a  state  of  efficiency,  is, 
80  far  as  I  know,  without  parallel. 

Like  other  ophidian  teeth  the  poison  fangs  become  an- 
ohjlosed  to  the  bone  which  carries  them,  their  secure 
fixation  being  aided  by  the  base  of  the  tooth  being  fluted,  as 
well  as  by  a  sort  of  buttress  work  of  new  bono  being  thrown 
out  to  secure  each  new  poison  fang  as  it  comes  into 
place. 

The  poison  is  secreted  by  a  salivary  gland  homologous 
with  the  parotid  ;  by  an  especial  arrangement  of  the  miiscles 
and  fascia  about  it  the  erection  of  the  poison  fang  and  the 
ioflictiou  of  the  bite  cause  a  copious  stream  of  poison  to  be 
ejected.  The  duct  terminates  in  a  sort  of  papilla,  close  to 
the  superior  orifice  of  the  tube  in  the  fang ;  the  passage  of 
a  considerable  portion  of  the  poison  down  the  tube  is  secured 

(')  An  inquii7  ineerted  in  an  Indian  newspi'-P'"'  elicited  the  following 
anaver: — "Ihave  frequently  seen  snake -chunuers  exhibit  snakea  of  the 
tiunily  Viprrida.  chiefly  the  Daboia  Russelii  and  Eohia  carinata,  I  have 
alw  been  told  by  soms  analie-uhamiera  that  they  conaidered  the  Daboiu 
even  mom  puisonons  than  the  cobra  ;  and  judging  from  the  cantious  way  in 
vhich  they  hanJisd  thesg  snakes — never  lifting  them  off  the  ground  with- 
out GiBt  putting  a  Btlck  on  their  necks  to  bold  them  down — I  feel  pretty 
sure  they  all  consider  the  vipera  more  liangeroUB  than  th«  cobras." 

^)  I  have  gircn  a  more  detailed  account  of  the  succeEeion  of  poiBon 
fangs  in  the  PLiloa,  Trans,,  137tl,  Tart  i. 
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\ij  the  clow  appomtion  of  a  ehield  of  mooons  memlwaiu^ 
which  is  str^ned  over  the  erected  tooth. 

In  CroGodilia  the  teeth  are  confined  to  the 
the  jaws,  where  they  ate  very  formidable  in  size  and  sharp- 
ness. The  individual  teeth  are  generally  conical,  sharply 
pointed,  and  often  a  little  compressed  from  side  to  side,  bo 

Pis.  lis  ('). 


i 


aa  to  possess  sharp  edges ;  but  they  ^ 
different  species. 

The  teeth  are  lodged  in  distinct  tubular  alveolar  cavities, 
to  the  Willis  of  which  they  do  not  become  anchyloaed,  and 
they  are  tolerably  constant  in  number  in  the  same  species. 

In  parts  of  the  mouth  certain  teeth  are  developed  to  a 
greater  length  than  those  nearest  to  them ;  thus,  in  the 
Crocodile  proper,  the  first  and  fourth  lower  teeth  are  spe. 


(1)  JawB  of  t!iB  Crocodile.     The  first,  fourth,  and  Bleventh  teeth 
lower  jaw,  niiil  the  third  and  ninth  in  the  upper,  are 
Urutir  Biin  tfaiin  the  utheni. 
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ciallf  large,  while  in  the  extinct  African  Uiilea 
difference  iu  bo  marked  that  both  iu  the  npper  and  lower 
jawB  the  teeth  might  be  grouped  as  inciaor^  and  canines,  so 
far  OS  size  and  probable  function  go  in  such  a  classification. 
In  structure  the  teeth  of  crocodiles  consist  of  hard,  fine 
tubed  dentine,  with  an  investing  cap  of  enamel,  and  in  ad- 


dition a  coating  of  cementum  on  their  implanted  portions. 
As  already  mentioned,  they  are  implanted  in  tubular 
sockets ;  new  successional  teeth  are  being  continually  de- 
veloped at  the  inner  side  of  their  buses,  and  as  these  attain 
to  a  certain  size,  absorption  attacks  the  base  of  the  older 
tooth,  and  its  successor  moves  into  the  space  so  gained,  so 
that  it  cornea  to  be  situated  vertically  beneath  the  older 
tooth.     Ill  its  further  gi-owth  it  causes  yet  more  absorption 

[')  TraDfiverea  section  of  tliB  lower  jaw  of  a  young  AllJBalor.  n-  Ural 
ppitlielium.  b.  Bods  of  90i.'ket.  d.  Deritina  of  old  tuotlu  'I.  Toutb  next 
in  order  of  BiicceBsiun,  which  is  FaUHing  ahsurption  of  una  side  of  the  huse 
of  the  older  tooth.     3.  Youiin  tooth-germ. 
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in  front         I 


of  the  older  tooth,  which  it  ultimately  pushes 
of  it,  sometimes  carrying  the  remnina  of  the  old  tooth  like 
a  cap  upon  its  own  apex  when  it  first  emerges.  Each  new 
tooth  vertically  succeeds  its  predecessor ;  hence  no  additional 
teeth  are  added,  but  the  young  newly  hatched  crocodile  has 
aa  many  teeth  ns  a  full-grown  one. 

In  the  extinct  Ichthyosaurus  the  teeth,  while  forming  on 
armature  not  unlike  that  of  some  of  the  crocodiles,  were 
not  implanted  in  distinct  sockets,  but  were  lodged  in  a 
continuous  shallow  groove,  with  but  sUght  indications  of 
transverse  divisions. 

The  huge  Dinoaauria,  some  of  which  must  have  been  thirty 
feet  in  length,  had  teeth  implanted  in  imperfect  sockets,  the 
outer  alveolar  wall  being  considerably  higher  than  the  inner, 
and  the  transverse  septa  not  very  complete.  The  roots  of 
the  teeth  were  more  or  loss  perfectly  cylindrical,  and  the 
enamelled  crowns  compressed  and  expanded,  with  trenohajit 
edges.  The  tooth  of  the  Igiianodon  will  serve  as  a  fair 
example  of  a  Dinoaavuian  tooth  ;  the  crown  is  greatly 
expanded,  and  presents  anterior  and  posterior  shai'p  notched 
mai^ins  ;  the  enam«  is  laid  over  the  outer  surface  of  upper 
teeth,  and  the  inner  of  lower  teeth.  The  enamelled  surface 
is  ridged,  so  that  as  it  wears  down  a  notched  edge  ia 
maintained.  Moreover  the  maintenance  of  a  sharp  edge  i» 
further  secured  by  the  dentine  on  the  enamelled  side  of  the 
crown  being  of  the  hard  unvascular  variety,  that  on  the  inner 
being  vasodentine  and  therefore  softer.  The  remnant  of 
the  pulp  ossifies,  and  comes  into  use,  as  these  teeth  remained 
at  work  until  worn  quite  to  a  flat  surface.  The  root  portion 
was  smooth,  round,  and  curved. 

Professor  Marsh  (American  Journal  of  Science,  March, 
1880)  has  described  and  figured  a  peculiar  Dinosaurian  den- 
tition, in  a  reptile  to  which  he  gives  the  name  of  Stegosaunis; 
the  teeth  are  slightly  compressed  transversely,  and  are 
covered  with  a  thin  enamel ;  the  i-oots  arc  long  and  slender. 
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weakly  in  separate  Bockets.  But  at  the  inner 
aide  of  the  niota  of  the  teeth  in  use  were  no  less  than 
five  SHcccssioual  teeth,  in  graduated  stages  of  develop- 
ment, ready  to  ultimately  take  its  place ;  so  large  a  number 
of  Buccessional  teeth  haa  not  hitiierto  been  met  with  in  a 
Dinosaur. 

A  very  remarkable  carnivorous  reptile  as  large  ae  a  lion 
haa  been  described  by  Professor  Owen  (Quart,  Journal 
Geolog.  Society,  1876,)  under  the  name  of  Cynodraco  major, 
for  the  reception  of  which  he  proposes  a  new  reptilian  order, 
that  of  Theriodontia,  Its  dentition  is  not  completely  known, 
but  it  poBsessed  in  the  lower  jaw  eight  inciaora,  of  which  the 
fii-st  is  the  smallest,  and  a  canine  of  moderate  size.  The 
upper  incisors  are  not  known,  but  there  were  a  pair  of  upper 
canines  of  such  aize  that  they  extended  down  along  the 
outside  of  a  flattened  portion  of  the  lower  jaw,  like  the 
canine  teeth  of  Machairodua  and  those  of  Dinoceraa.  The 
hinder  margins  of  these  canines  were  trenchant,  and  finely 
serrated. 

This  protection  of  an  especially  long  upper  tooth  by  a 
corresponding  down  growth  of  the  lower  jaw  is  by  no  means 
an  unusual  provision  of  nature.  Besides  being  met  with  in 
the  inatances  cited,  it  is  aeen  in  Tinoceras,  another  of  the 
Dinocerata,  and  in  Chauliodus,  a  deep-sea  fish  dredged  up 
by  the  "Challenger."  It  is,  however,  not  a  universal 
structure,  as  it  is  quite  absent  in  the  musk  deer. 

The  PteroBanxia,  or  flying  reptiles,  have,  since  the 
discovery  of  toothed  birds,  become  of  special  interest  to 
the  odontologist.  The  winga  were  stretched  membraneaj 
like  those  of  a  bat,  and  the  measurement  across  their  tips 
in  some  of  the  largest  must  have  been  twenty-five  feet ; 
but  most  of  those  known  were  much  smaller,  from  10  to  15 
inches  in  total  length  of  body.  In  the  Pterodactyls  the  jaws 
are  furnished  with  long,  slender,  sharp  teeth  in  their  whole 
length ;  but  in  Ramphorhynchua  the  anterior  extremities  of 
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the  jawB  are  without  teeth,  and  it  has  been  coiyBctuted  that 
these  portiouB  were  sheathed  in  horoy  beaks. 

And  Prof.  Marsh  (American  Journal  of  Science,  1876,)  haa 
discovered,  in  the  same  formation  in  which  he  found  the 
toothed  birds,  several  species  of  Pterodactyls  wholly  without 
teeth,  for  which  the  generic  name  Pteranodon  is  proposed. 

The  jaws,  which  are  more  like  those  of  birds  than  those  of 
any  known  reptile,  show  no  traces  of  teeth,  and  the  pre- 
maxiliaries  seem  to  have  been  encased  in  a  homy  covering. 


1 

that-  ■ 


The  Teeth  op  Birds. 

Prior  to  the  discovery  by  Professor  Marsh  of  Yale  College, 
in  1870,  of  the  remains  of  birds  with  teeth  in  the  cretaceous 
formations  of  Western  Kansas,  little  was  with  certainty 
known  about  the  existence  of  teeth  in  any  bird,  although 
one  or  two  fossils,  leading  to  the  suspicion  that  birds  might 
have  possessed  teeth,  were  known.  The  state  of  knowledge 
up  to  that  time  has  been  clearly  summarised  by  Mr.  Wood- 
ward (Popular  Science  Review,  1875,)  to  this  effect:  that 
it  had  been  long  supposed  that  no  examples  of  teeth  were  to 
be  met  with  amongst  the  birds,  although  some,  sucli  as  the 
Merganser,  have  the  mai^ins  of  the  bill  serrated,  so  that  the 
funcstions  of  teeth  are  discharged  by  this  homy  armature  of 
the  jaws. 

It  is  noteworthy  that  the  margin  of  the  tone  of  the  jaws 
is  also  serrated,  each  serration  corresponding  to  a  similar 
serration  in  the  bill.  In  the  fossil  bird  described  by  Pro- 
fessor Owen,  from  the  London  clay,  under  the  name  of 
Odontopteryx  toliapicus,  the  form  of  the  bill  is  not  known, 
but  the  margins  of  the  jaws  are  furnished  with  strong  bony 
prominences,  far  more  conspicuous  than  those  of  the 
Merganser.  And  Geoffroy  St.  Hilaire  had  described  a  series 
of  vascular  pulps  as  existing  on  the  margin  of  tlie  jaw   of 
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parroqiiets  just  about  to  be  hntched,  which,  though  deatined 
to  form  a  homy  bill,  and  not  to  be  calcified  into  teeth, 
yet  strikingly  recid  deuta!  pulps.  Theu  there  is  also  the 
famous  fossil  Arohieopteryi,  an  anomalous  oolitic  bird,  with 
a  long  and  jointed  tail,  which  is  by  many  zoologists  believed 
to  have  possessed  teeth.  There  is  a  flaw  in  the  evidence, 
however,  inasmuch  as  the  toothed  jaw  is  not  in  titu,  and 
therefore  may  possibly  have  belonged  to  some  other  animal 
than  that  perpetuated  in  the  rest  of  the  fossil  impression, 
though  probability  ia  altogether  in  favour  of  its  really 
belonging  to  the  Arcbeeopterj-s. 

In  successive  o.'qjeditions,  conducted  under  groat  difficulties 
owing  to  the  extremes  of  heat  and  cold,  and  to  the  hostility 
of  the  Indians,  the  remiuns  of  no  less  thau  one  hundred 
and  fifty  dift'ereut  individuals  referable  to  the  sub-class 
OnoNToKKiTHi^a  have  been  obtained  by  Prof.  Marsh ;  they 
are  classified  under  nine  genera,  and  twenty  species. 

They  are  referable  to  two  widely  different  tj-pes,  one 
group  consisting  of  comparatively  small  birds,  with  great 
power  of  flight,  and  having  their  teeth  implanted  ia  distinct 
Bockets  (Odontotoma?,  illustrated  by  the  genus  Ichthyoruia 
aa  a  type) ;  the  other  group  consisting  of  very  large  swimming 
birds,  without  wings,  and  haviug  teeth  ia  grooves  (Odontolcie, 
type  genus  Hesperomis). 

In  Ichthyomis  the  teeth  were  about  twenty-one  in  number 
in  each  ramus,  all  sharp  and  pointed,  and  recurved ;  the 
crowns  were  coated  with  enamel,  and  the  front  and  back 
edges  sharj)  but  not  aeiTated. 

They  are  implanted  in  distinct  though  shallow  sockets, 
and  the  maxillary  teeth  are  a  little  larger  than  those 
opposing  them;  the  prc-maxiUaries  were  probably  edentulous, 
and  perhaps  covered  with  a  homy  bill. 

In  the  lower  jaw  the  largest  teeth  occiu-  about  the  middle 
of  the  ramus,  those  at  its  posterior  end  being  materially 
smaller ;  and  the  sockets  are  deeper  and  stronger  than  ia  the 
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upper  jaw.     The   HucceBsion  takes   place  vertically, 

CrocodileB  and  Dinosaurs. 

The    genua    Heaperomis,     probably 
Feu.  1 17  (').  diving  birds,  includes  speoies  6  feet  in 

11  N.s.  length  ;  as  has  already  been  mentioned 

the  teeth  are  not  implanted  in  distinct 
sockets,  but  lie  in  a  continuous 
like  those  of  Ichthyoaanrus ; 
projections  from  the  lateral  walls  indi- 
cate  a  partitioning  off  into  sockets, 
but  nothing  more  than  this  is  attained, 
and  after  the  perishing  of  the  soft  parts 
the  teeth  were  oaaily  displacei!,  and  had 
often  fallen  out  of  the  jaws.  The  pre- 
majiillary  is  edentulous,  but  the  teeth 
extend  quite  to  the  anterior  esti-emity 
of  the  lower  jaw :  in  one  specimen 
there  are  fourteen  sockets  in  the  max- 
illary bone,  and  thirty-three  in  tiM' 
corresponding  lower  ramus. 

The  auccessional  tooth  germs 
formed  at  the  side  of  the  base  of  the 
old  ones,  and  causing  absorption  of  the 
old  roots,  migrated  into  the  excavations 
so  formed,  grew  large,  and  ultimately 
expelled  their  predecessors,  as  is  seen  in 
the  accompanying  figure. 

In  structure  these  teeth   consist  of 

hard  dentine,  invested  with  a  rather  thin  layer  of  enamel, 

and  having  a  lai-ge  axial  pulp  cavity.     The    basal   portion 

of  the  roots  consists  of  osteodentine. 

The  outer  side  of  the  crown  is  nearly  flat,  the  inner  strongly 


1 


(')  Msndilile  o: 
ing  the  teeth  iti  t. 
which  the  te«th  a 


IchthyorDie  (nfter  Prof,  Mamh).     A.  \ 

H.      B.   View  of  upper  surface,  ahoviiiig  tile  sockela 

ire  im  planted , 
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convex  :  the  junction  of  these  eurfacea  is  marked  by  a  sharp 
ri(ige,  not  Bcrrated. 

In  form  the  teeth  of  Hesperoruis  present  a  close  rcBem.-  j 
l)Ianceto  those  of  Mosasauma,  a  great  extinct  lizard. 

Indeed,    as    Prof,    ilarsh    observes,    "in   all  their  n 
features  the  teeth  of  Heaperomis  are  essentially  reptilian 

Vm.  118  ('). 
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and  no  anatomist  would  hesitate  to  refer  them  to  that  class, 
had  they  been  found  alone.  Combined  with  the  other 
reptilian  characters  of  Hesperornis  ....  they  clearly 
indicate  a  genetic  connection  with  that  group." 

In  the  dentine  contour  lines  are  abundant ;  the  enamel 
is  so  dense  as  to  appear  structureless,  and  there  is  no  coronal 
cementum. 

The  foregoing  account  is  condensed  from  the  magnificent 
volume  published  by  the  United  States  Government  Geo- 
logical Exploration.  (Odontomithes,  a  monograph,  kc,  by 
0,  C.  Marsh,  Prof,  of  Palteontology,  Yale  College.) 

With  these  notable  exceptions,  the  jawa  of  all  known  birds 
arc  toothleaa,  the  horny  cases  forming  their  beaks  taking  the 
plaoea  and  fulfilling  the  functions  of  teeth. 

(1)  {Aftor  Prof.  Mareb. )  A.  Heaperoraia  regalk,  nith  auccesaional  tooth 
in  an  excavation  at  its  base ;  enlarged  eigbt  diameters.  B.  Tuotli  of 
Hosasanmi  princeps,  half  natnnl  siie. 
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The  eTidence  that  true  teeth  may  become  replaced  by 
homy  teeth,  these  again  coaleacing  with  their  ueighbours  to 
form  a  homy  casing,  has  been  given  at  page  44. 

It  would  tberefoie  seem  possible  that  the  ancestral  birds 
all  had  true  teeth,  and  it  ia  possible  that  a  sufficiently  ex- 
tended seai'ch  might  reveal  rudimentary  teeth  surviving 
beneath  the  functional  homy  bill,  or  even  possibly  above  it, 
like  those  of  Ornithorhynchns. 


1 


CHAPTER    VIII. 


THE    TP:ETH    of    11AMMALI4, 

The  mamniiiliii  are  usually  now  divided  into  three  groups    I 
— Frototlieria,  Metatlieria,  and  Eathsria. 

Tlie  Frototheria  comprise  hut  few  animals  numerically, 
us  no  extinct  forma  are  known,  and  of  living  animals  only  two 
familieaexist.namely.theOmithorhyneidEeandtheEchidnidsB.  ' 

They  stand  at  the  hottom  of  the  mammalian  class,  and 
present  many  points  of  affinity  with  lower  vertebrates, 
particiilarly  with  Sanropsida  and  Batrachia. 

Eecent  discoveries  have  added  fresh  interest  to  at  all 
events  the  Omithorhynchus,  which  haa  been  found  to  lay 
egy;s,  and  to  bo  possessed  of  a  unique  arrangement  of  teeth. 

Metatberia,  like  the  preceding  group,  have  characters 
which  place  them  low  in  the  mammalian  scale,  but  they  are 
numerously  represented  at  the  present  day,  comprising  the 
animals  known  as  Marsupials,  which  practically  monopolize 
the  Australian  region,  and  exist  also  in  the  American  con- 
tinent. In  former  times  they  existed  over  other  portions  of 
the  globe,  and  the  earliest  mammalian  fossils  are  perhaps 
referable  to  the  group. 

Entheria  comprise  all  the  mammals  in  whom  the  young 
are  nourished  by  menns  of  a  placenta. 

It  must  not  bo  supposed  by  the  student  that  the  Mvtatkeria 
of  the  present  day  are  descended  directly  from  the  Prototheria, 
or  that  the  Euiknia  are  direct  descendants  of  the  marsu- 
pials ;  it  IS  moi-e  probable  that  esceedingly  early  and  quite 
unknown  m.immahun  forms  have  given  rise  to  each  of  iWs.'i 
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the  marsupiala  a  good  deal,  giving  rise  to  a  lurge  uiunber' 
forms,  but  that  the  Evtheria  have  far  outstripped  the  oti 
and  have  been  and  are  supplanting  them  in  all  directions. 

It  will  be  more  convenient  in  this  book  to  postpone  the 
consideration  of  the  marsupials  till  after  the  dentiti 
placental  mammals  have  been  described. 


Protothbria. 


The  Echidna  is,  so  far  as  is  known,  entirely  edentuloi 

The  OmithorliynchxxH,  which  in  its  soft  parts  and  akelel 
alike  differs  from  higher  mammals  in  points  which  approach 
the  characters  of  Sauropsida,  is  furnished  with  wide  flattened 
jaws  in  which  homy  plates  fulfil  the  fimction  of  true  teeth; 
from  this  peculiarity  comes  its  name  of  duck-billed  platypus. 

Recently  Mr.  Caldwell  discovered  that  it,  though  possessed 
of  functional  mammary  glands,  lays  eggs,  and  more  recently 
still  Mr.  Poidton  found  that  at  an  early  sti^  tooth  germs 
were  present,  as  he  supposed,  underneath  the  horny  plates. 
Following  upon  this  Mr.  Oldlield  Thomas  fomid  that  its  true 
teeth  came  into  actual  use,  and  that  they  were  not  beneath, 
but  above  the  horny  plates. 

To  take  first  the  dentition,  if  such  it  can  be  called,  of  the  adult 
animals ;  the  homy  plates  with  which  the  jaws  are  ultimately 
furnished  arc  four  in  number  in  each  jaw,  the  anterior  plate 
being  a  thin  long  band  with  a  longitudinal  ridge  and  a 
furrow  in  its  inner  aide,  and  the  posterior  plate  a  flat  broad- 
topped  mass  the  surface  of  which  is  roughened  by  a  aeries  of 
ridges  separated  from  one  another  by  concavities,  the  ridges 
of  the  opposing  plates  interdigitating  with  one  another. 

These  plates  are  simply  pronounced  thickenings  and 
havdenings  of  the  oral  epithelium,  and  their  under-surfaces 
axe  penetrated  by  long  papillte,  each  of  which  sends  up  a 
stems,  and  that  the  Protothe.ria  have   advanced  but  little. 


!  the  ' 
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prolongation  of  soft,  deeply-Btainiug,  cells  from  its  apes.  The 
plates  are  at  their  sides  quite  continuous  with  the  stratum  cor- 
neum  of  the  epithelium,  of  which  their  harder  portioDsare  com- 
posed; there  is  no  calcification,  and  no  bonystructurein  them. 
Somewhat  similiiv  homy  structures  occur  upon  their  tongues. 


llfi('). 


A  full  account  of  the  atmcturo  and  form  of  these  plates 
will  be  found  in  a  paper  by  Mr.  Poulton  (  "  Quai-t,  Joura 
MicroBcop.  Science,"  Vol.  XXIX.,  N.a.),  which  is  devoted  to  a 
full   description   of    his   moat   interesting    and   significant 

(1)  Upper  and  lowar  jnwa  of  Ornitborhynohua.  From  tie  lower  jaw  the 
akin,  ka.,  has  been  remuved,  bat  it  reroaina  npoii  tho  upiier.  a.  Anterior 
hornj  plate,    h.  roateri^ir  bomj  plate,  »-itb  rfimidnB  of  tootL  sockets,  1,  2, 3. 
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discoTery  of  the  etist^ice  of  tlie  tnie  tootb-genna  nltich 
believed  to  underlie  the  fomung  lioniy  plates. 

From  the  want  of  material  he  was  somewhat  uncertain  as 
to  the  eitent  to  which  the  calcification  of  these  te«th  goes, 
and  what  afterwards  becomes  of  them,  but  he  saw  that  there 
were  the  germs  of  four  t«eth  in  the  upper,  on  each  side,  and 
probably  the  same  number  in  the  lower,  jaw;  and  they 
occupy  a  widely  open  furrow,  which  he  thought  was  sub- 
sequently occupied  by  the  homy  plate. 

Iq  this  connection  it  is  interesting  to  note  that  Professor 
Huxley,  in  writing  of  the  Mouotremes,  had  years  ago  expressed 
the  conviction  that  there  is  good  reason  to  suppose  that 
edentulous  forms  are  modiHed  descendants  of  toothed  forma. 

Mr.  Oldfield  Thomas  and  ProC  Stewiirt  subsequently 
found  that  the  true  teeth  of  Onuthorhynchus  are  cut,  and  for 
a  time  are  in  actual  use  ;  they  are  twelve  in  number,  two  on 
each  side  being  of  some  size,  and  the  third  very  small.  The 
upper  teeth  have  broad-topped  crowns,  with  two  long  cusps 
on  the  inner  edge,  and  a  crenatcd  border  along  the  outer 
edge  with  many  small  cusps  ;  in  the  lower  this  is  reversed. 
They  have  low  broad  crowns  with  short  stunted  roots,  by 
which,  however,  they  are  for  a  time  pretty  firmly  held. 
Instead  of  being  beneath  the  homy  plates  they  are  on  the 
top  of  them,  and  their  implantation  is  peculiar ;  the 
expanded  crowns  narrow  rapidly  at  the  neck,  and  they  are 
surrounded  by  a  very  dense  and  thick  epithelium,  almost 
homy,  which  rises  into  a  ring  round  them  and  dips  under- 
neath tlie  eipanded  portion,  so  that  the  crown  lies  in  a.  sort 
of  cup  of  horny  consistency. 

This  cup  is  not  complete  at  the  bottom,  but  the  roots 
pass  through  it  and  iit  depressions  in  the  bone,  which  is 
perforated  by  foramina  for  their  vesacla  and  nerves.  When 
tlie  creature  is  about  twelve  inches  long  the  teeth  arc  shed, 
and  ttien  tho  homy  cups  grow  in  underneath  and  become 
complete  ;  thus  the  curiously  cupped  tind  sciUpturod  surface 
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of  the  horny  plates  which  have  been  so  long  familinr  has  ita 
fonn  determined  by  once  having  formed  the  bod  for  a  tooth 
with  several  roots,  and  ulthough  the  liom  grows  tmdemeath 
and  fills  up  the  holes  for  the  roots  to  go  tlirough,  yet  the  old 
general  form  is  maintained  by  the  homy  plate  which  serves 
as  the  organ  of  mastication  throughout  the  life  of  the  ammal. 


Fia.  120  0). 


So  fiir  as  is  known  this  is  an  arrangement  quite  iiuiquc 
amongst  mammals,  or  indeed  any  other  tooth.beai'ing 
creatures. 

The  homy  plates  are  therefore  not  at  all  to  be  regarded 
as  homy  teeth,    but  they  are    epithelial  structures  which 

(I)  Horny  plate,  ii,  at  a  half-grown  OrnithorhyncliHB,  with  empty  pita ; 
6,  foe  the  reception  of  tho  teeth. 

(')  Homy  plate  with  teetb  in  aitn.  c.  Long  cnap  of  tooth,  after  Prof. 
Stawart,  from  a  s])ei:inien  in  the  Rojal  College  of  Suryeona'  MuBenm. 
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take  the  place  of  the  teeth  aller  these  are  shed,  and  there- 
lore  they  are  not  closely  homologous  with  the  homy  teeth  of 
lompreyB  and  myxinoids. 

The  true  teeth  consist  of  a  body  of  dentine,  with  a  central 
pulp  cavity,  capped  with  thin  but  hard  enamel,  and  implanted 
by  short  roots,  the  breadth  of  crown  greatly  exceeding  its 
vertical  dimension. 

The  enamel  is  apparently  of  simple  structure,  and  the 
dentine  is  permeated  by  fine  dentinal  tubes  and  beset  with 
)i  wonderful  number  of  interglobular  spaoes,  which  in  parts 
of  the  crown  mask  its  tubular  structure.  In  the  principal 
cusp  larger,  apparently  vascidor,  canals  exist,  and  as  one 
approaches  the  stunted  routs,  a  somewhat  abrupt  transition 
in  stnic'.ure  takes  place,  all  dentinal  tubes  disappearing,  and 
large  lacuna;  appearing. 

The  roots  are  hence  of  softer,  coarser  material  than  the 
crown,  which  itself  is  not  of  a  high  type  of  dentine  structure. 


iief^^^ 


Thus  the  dentine  structure  of  the  tooth  is  somewhat 
which  we  are  accustomed  to  see  as  u  result  of  pathological 
processes,  and  would  suggest,  so  far  as  it  goes,  that  tlie 
Omithorhynchus  tooth  has  degeuenkted  from  some  earlier 
and  more  complete  tooth-form  in  which  the  roots  were 
properly  developed. 

I  am  not  acquainted  with  any  example  of  this  degeneration 
in  the  type  of  dentine  formation  as  the  root  portiou  of  the 
tooth  is  approached  in  any  mammuliuu  tooth ;  in  those  teeth 

(')  Molur  tooth  of  OraitUorhjnchus.     r.  Long  cusp. 
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which  have  no  roots,  if  such  an  expreaaion  may  bo  allowed, 
but  which  are  about  to  become  (inoliylosed  to  the  bone, 
something  of  the  kind  may  be  seen  (of.  also  the  tooth  uf 
Hesperornia,  p.  280), 

The  British  Museum  specimen  described  by  Mr.  Oldfield 
Thomas  (Proc.  Hoy.  Soc.,  May,  1889),  show  that  the  teeth 
were  subjected  to  eevora  attrition,  as  one  which  was  about 
to  be  ahed  was  worn  as  thin  as  paper.  No  tooth,  fossil  or 
recent,  corresponds  iu  naked-^je  characters  with  that  of 
Omithorhynchus,  though  that  of  the  mesozoic  Microlestes 
does  80  in  some  degroo,  ao  that  Mr.  Oldfield  Thomas  gives  a 
figure  of  it  for  comparison. 

Microlestes  has  generally  ijcen  looked  upon  as  a  mar 
Bupial,  allied  to  Plagiaulax,  and  I'rof.  Cope  has  suggested 
that  all  the  group  of  multituberculate  toothed  mesozoic 
mammals  may  have  been  raonotrenaea. 

But  a  microscopic  oxamiuatiou  of  a  tooth  of  Microlestes, 
which  Mr.  Poulton  kindly  Etllowed  me  to  make,  shows  no 
close  resemblance  to  the  recent  marsupials,  for  the  ename 
is  not  clearly  penetrated  by  dentinal  tubes,  nor  does  it  pre- 
sent the  peculiarities  of  structure  found  in  Omithorhynchus 
Thus  its  structure  gives  no  help,  but  rather  goes  to  render 
still  more  indefinite  its  probable  zoological  position. 

But  although  these  discoveries  seem  to  carry  ua  back  to  a 
form  of  mammalian  tooth  very  remote  in  point  of  time,  it  has 
yet  by  no  means  a  simple  crown,  and  we  are  still  very  far  from 
knowing  anything  which  can  be  regarded  as  a  primitive  parent 
form  whence  all  mammalian  teeth  may  have  l.won  derived. 

Still  the  discovery  is  of  incalculable  value,  inasmuch  as 
many  of  the  early  mammalia  are  known  to  us  only  by  teeth, 
and  the  form  and  structure  of  a  monotrematous  tooth  gives 
us  something  far  lower  in  the  evolutionary  scale  than  liad 
hitherto  been  known. 

The  Echidna,  or  scaly  Ant- Eater,  also  an  Australian  mam- 
mal, has  no  teeth  whatever,  so  far  as  is  at  present  known. 
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There  is  great  difficaUj  in  arranging  Placental  U&nuna]a 
in  any^  order  of  sequence,  inasmuch  as  ttio^e  now  existing, 
and  those  fossil  fonns  known  to  us,  form  but  a  small  fraction 
of  all  which  Lave  once  existed.  And  although  no  modem 
natur^liat  can  well  doubt  that  all  existing  mammala  are 
lineal  descendants  of  a  smaller  number  of  forms  previoualj 
existing,  yet  they  do  not  admit  of  being  ari'anged  ou  any  one 
stem,  and  are  not  at  all  lineal  descendants  of  one  another. 

Prof.  Flower  (art.  Mammalia,  Encyclop.  Britannica)  places 
them  provisionally,  and  for  want  of  a.  better  arrangement, 
thus : — 

Edentata — Sloths,  Aiit,Eat«rs,  Armadillo)!,  kc. 

Sirenia — -SO'Called  Herbivorous  Cetacea,  Manatee,  Dugon^,  &:e, 

Cetatea. — Sperm  Wbalea,  Porpoises,  Whalebone  ttTiales,  ic. 

Innectitora — Hedgehogs,  Molea,  ic,  &c. 

Ckimptera — Bate. 

Bodcntia—'Ssxea,  Babbits,  Hata,  ice. 

Ungulata  (Hoofed  Mammals) — 

Ilgraj! — The  single  family  Hyracoidea. 

Priibiiteidea, — Binotheriums,  Mastodone,  Elephants  . 

Amlilypeda — Great  extinct  animals  from  American  Eocene  fonnBr  I 


Artiodactyle  Ungalatee,  Figs.  Camels,  Bon 

Tilludimlia — A  group  of  animals  described  by  Profa.  Maieh  and  Cope 
from  American  Eocene,  with  affinities  to  Bevsnl 
groups,  i.e.  to  Rodents  and  Camivora,  as  well  as 
to  Ungulates. 

CamiTorii  vera — Cats,  Dogs,  Bears,  &c. 

Gt^nitora  jiinnipedia—Seaii,  Walms,  ice. 

Prmatei—Haa.  Monkeys,  and  Lemnrs. 


INTRODUCTORY  REMARKS. 

It  wna  formerly  cuBtomary  to  explain  the  various  facta 
which  were  revealed  by  the  study  of  comparative  anatomy 
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upon  the  suppositiou  thut  tliere  wua  some  sort  of  type  or 
standard  organization,  and  that  all  others  were  arrived  at 
by  modifications  and  depiirtmes  from  this  type,  these 
modifications  being  introdnced  with  a  dii'ect  purpose  in 
view,  in  order  to  tit  the  creature  to  a  special  habit  of  life. 

Among  the  matters  which  this  "  type  "  theory  sought  to 
account  for  was  this  :  'when  an  animal  possesses  some  pecu- 
liar organ,  it  is  found  on  close  esamioation  that  it,  however 
Rpecialiaed,  is  after  all  only  something  which  alhed  animals 
also  possess,  only  it  has  been  exaggerated  or  developed  in  an 
unusual  manner  and  degree  ;  or,  on  the  other  hand,  that 
when  an  organ  is  wanting,  the  suppressed  organ  is  not 
absolutfty  abolished,  but  is  to  be  found  stunted  and  in  a 
rudimentary  condition,  instead  of  in  its  ordinary  size  and 
functional  activity. 

This  is  as  tnie  of  teeth  as  of  any  other  organs ;  indeed 
they  afford  many  admirable  examples  of  the  law. 

Thus  the  tusks  of  the  boar  or  of  the  Sus  babirussa,  large 
and  peculiar  though  they  be,  are  not  new  developments,  but 
are  merely  the  canine  teeth  which  in  these  species  attain  to 
unusual  dimensions.  In  the  same  way  the  enormous 
straight  tusk  of  the  Narwal  (see  p.  343)  is  nothing  more 
than  an  incisor  tooth  of  one  side,  the  fellow  to  which  boa 
been  checked  in  its  development ;  but  this  is  not  missing,  for 
it  remains  throughout  the  life  of  the  animal  buried  within 
its  socket.  In  the  female  Narwd  both  of  the  teeth,  being 
rudimentary,  are  permanently  enclosed  within  the  sockets, 
and  are  of  course  not  of  the  smallest  service  to  the  animal, 
directly  or  indirectly;  furthermore,  as  baa  been  shown  by 
Professor  Sir  W.  Turner,  in  young  specimens,  a  second  pair 
of  rudimentary  aborted  incisors  are  to  be  found,  which  in 
the  adults  have  disappeared. 

The  modem  school  of  biologists,  rejecting  the  "arche- 
type "  theory  refer  those  resemblances  detected  between 
dentitions  upon  the  whole  dissimilar  to  one  another  to  a 
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more  inteiligible  cause,  namely,  inberitanoe.  Aaauming, 
the  balance  of  cvideiici-  compels  us  to  nssume,  that  the 
many  divergent  forma  which  we  observe  have  been  derived 
by  progi-essive  modifications  and  different iationa  from  fewer 
ancestral  forma,  we  shall  have  no  diftieidty  in  seeing  how, 
by  such  processes  as  we  full  well  know  to  occur,  namely, 
the  dwindling  of  disused  organs  and  the  exaggerated 
development  of  those  very  useful,  great  differences  may 
ultimately  result. 

To  illustrate  what  ia  meant  by  this  ao-called  "adaptive  modi- 
fication," this  suppreasiou  of  things  that  arc  not  needed,  and 
increased  development  of  those  most  used,  wc  may  recur  to  the 
dentitions  of  non-venomous  and  venomous  snakes. 

In  these  we  saw,  in  the  non-venomous  snakes,  the  max- 
illary bones  covered  by  a  row  of  teeth  sub-equal  in  size  ;  then 
in  the  '  Colubrine '  poiaonoua  snakes  the  front  tooth  of  the 
row  standing  upon  the  musillary  bone  having  taken  upon 
itself  a  special  and  important  office,  namely,  the  conveyance 
into  a  woimd  of  a  poisonous  saliva ;  coincidently  with  this 
tooth  having  attained  its  increased  size  and  importance,  the 
teeth  behind  it  on  the  masillary  hone  were  reduced  both  in 
number  and  in  size.  Going  a  step  further,  to  the  Viperine 
poisonous  snakes,  the  now  useless  small  maxillary  teeth 
have  all  disappeared,  leaving  the  poison  fang  alone,  of 
vastly  increased  dimensions,  to  occupy  the  whole  bone, 

But  in  many  poisonous  colubrine  snakes  the  three  or  four 
small  and  useless  teeth  lingering  upon  the  maxillary  bone, 
though  their  function  was  gone,  served  to  indicate  to  us 
in  some  measure  the  gradual  process  by  which  that  singu- 
larly perfect  adaptation  of  means  to  an  end,  the  poison 
apparatus  of  the  viper,  was  arrived  at. 

Mr,  Darwin  has  proved  that  auy  modification  in  the 
structure  of  a  plant  or  an  animal,  which  is  of  benefit  to  its 
possessor,  is  capable,  nay,  is  sure,  of  being  transmitted  and 
intensified  in  successive  generations,  until  great  and  material 
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differences  have  more  or  less  masked  the  resemblaace  to  the 
parent  form. 

Just  as  man,  by  favouring  tlie  breeding  of  those  modifica- 
tions of  form,  &<!.,  that  please  him  best,  bus  been  able,  in 
the  course  of  a  few  years — in  a  length  of  time  altogethei 
infinitesimal,  as  compareii  with  the  time  during  which  the 
aurface  of  land  and  sea  has  been  of  pretty  nearly  its  present 
form,  to  say  nothing  of  the  euormoiisly  longer  earlier  geo- 
logical epoclis — to  profoundly  modify  the  breeds  of  dogs,  of 
horses,  and  of  numbers  of  plants,  all  of  which  are  absoluti 
known  to  have  had  a  common  origin,  so  in  nature  forces  are 
and  ever  have  been  in  pei-petuaJ  operation,  which  effect  the 
same  thing. 

A  pigeon-fancier  wants  a  pigeon  of  particular  plumage 
with  a  few  feathers  a  little  different  from  any  pigeon  he  has 
ever  seen  or  heard  of  (')  ;  he  knows  by  esperience  that  little 
variations  are  for  ever  arising,  and  that  by  watching  a 
sufficient  number  of  young  ones,  and  rigorously  picking  out 
those  which  at  all  tend  in  the  direction  of  what  he  wants, 
he  will  get  what  ho  wants,  and  will  even  tell  you  with  confi- 
dence that  in  so  many  years  he  will  make  a  breed  with  the 
peculiarity  desired.  And  exactly  as  the  plumage  that  was 
wanted  is  got,  so  in  nature  the  tooth  tliat  is  "wanted," 
i.e.,  the  dentition  that  is  eseellently  well  adapted  to  do  ita 
work,  by  the  operation  of  that  law  known  as  "  survival  of 
the  fittest "  may  have  been  elaborated. 

It  is  quite  enough  that  one  of  the  small  variations  for 
ever  arising  in  animals  shall  be  of  advantage  to  it,  for  us  to 
see  how  the  peculiiirity  is  likely  to  be  transmitted  and 
intensified  in  successive  generations. 

The  question  has  been  weU  presented  by  Mr.  Wallace, 
who  points  out  that  we  must  not  think  so  much  of  varia- 
tions in  individuals  as  in  groups  of  individuala  :  for  instance, 

(')  An  eminent  pigeon-fancier,  Sir  J.  Sebright,  tolii  Mr.  Darnin  that  hs 
could  prolines  anj  given  feather  in  three  jeara. 
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it  is  a  familiar  fact  that  people  Tary  in  height,  ao  that  any 
hundred  persons  may  be  divided  into  fifty  taller  and  fifty 
shorter  pcraoiis.  Now  if  a  littleextra height  wereof  advantage, 
many  or  moat  of  the  fifty  would  experience  it,  though  some 
might  not  In  the  same  way,  if  we  grouped  one  hundred 
animals  whose  teeth  varied  a  little  in  respect  of  strength  into 
the  fifty  weaker  and  the  fifty  stronger,  it  is  easy  to  see  that 
the  stronger  fifty  would  get  the  better  of  the  others  in  the 
struggle  for  existence  on  the  whole,  and  would  be  more 
certain  to  propagate  their  kind,  and  would  repeat  in  a. 
majority  of  their  progeny  those  peculiarities  which  had 
helped  themselves  to  live. 

Thus  the  doctrine  of  natural  selection  or  survival  of  the 
fittest,  is  as  fiilly  applicable  to  the  teeth  of  an  animal  aa  to 
any  part  of  its  organisation,  and  the  operation  of  this  natural 
law  will  bo  constantly  tending  to  produoe  advantageous  or 
"  adaptive "  differences.  On  the  other  hand,  the  strong 
power  of  inheritance  is  tending  to  preserve  even  that  which 
in  the  altering  conditions  of  life  has  become  of  very  little 
use,  and  thus  rudimentary  teeth  we  may  undcretaud  to  be 
teeth  which  are  in  process  of  disappearance,  having  ceased 
to  be  useful  to  their  posseBsors,  but  which  are  still  for  a  long 
time  lingering  upon  the  scene.  It  was  formerly  supposed 
that  the  variations  seized  upon  by  natural  soloction  and 
intensified  in  successive  generations  were  of  necessity  Bmnll^ 
ao  small  that  it  was  difficult  to  see  how  their  advantage 
would  really  be  felt. 

But  since  attention  haa  l>een  drawn  to  this  subject, 
and  careful  measurements  and  weighings  have  been  taken 
of  lai^'e  numbers  of  wild  specimens  of  the  same  species,  it 
has  been  found  that  the  variations  are  often  far  from  being 
insignificant  in  extent. 

Then  Mr.  Wallace  (Darwinism,  1889)  points  out  that  the 
variation  in  common  species  reaches  often  20  per  cent,  of  the 
size  of  the  part  implicated,  and  this  without  reference  to  the 
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general  size  of  the  ojiimaj.  As  an  example  may  be  taken 
the  jaws  of  the  wolf,  which  in  ten  apeeimena  varied  to  the 
extent  of  an  im-h  and  a  half  in  length.  If  there  be  an 
advantage,  it  ii>  eiisy  to  see  how  in  a  few  generations  a  very 
distinct  advance  in  the  direction  of  length  or  ehortnesa  of  * 
jaw  might  be  ciitabliahed. 

Good  examples  of  rudimentary  teeth  are  to  be  found  in 
the  larval  teeth  of  the  edentulous  atm^eou,  or  of  the 
whalebone  whales,  or  in  the  teeth  buriSd  beneath  the  horny 
plates  of  the  deflected  portion  of  the  Dugong's  jaw,  all  of 
these  being  of  absolutely  no  service  to  their  possessors. 
Some  teeth  have  diaappeared  utterly  ;  thna  the  upper 
incisors  of  Ruminauta  are  gone,  and  no  rudiments  cx:ist  at 
any  atage  (')  ;  others  still  remain  in  a  stimted  and  dwindled 
form,  and  do  not  persist  throughout  the  life-time  of  the 
annual,  as  for  iustiuice  the  first  premolars  of  a  horse,  or 
two  out  of  the  four  premolars  of  most  bears. 

The  teetli  of  Omithorhyuchua  do  work  for  their  poasesaor 
till  it  approaches  its  adult  siae  ;  then  they  are  curiously 
supplanted  by  a  homy  development  of  the  gums. 

It  must  be  borne  in  mind  also  that  variability  downwards 
will  operate  to  slowly  destroy  an  organ  which  is  not  being 
preserved  by  the  action  of  natural  selection. 

Before  leaving  this  section  of  our  subject,  an  inatructive 
iUoatration  of  the  operation  of  those  agencies  may  be  given 

It  is  very  easy  for  ua  to  see  how  a  "i^odent"  type  of 
dentition  is  beneliciitl  to  its  possessor  by  rendering  acces- 
sible articles  of  food  wholly  unavailable  for  creatures  which 
have  no  means  of  gnawing  through  a  shell  or  other  hard 
body.  Now  it  happens  that  in  three  regions  of  the  world, 
pretty  completely  cut  oif  from  one  another,  three  animals, 
in  parentage  widely  dissimilar,  have  arrived  at  dentitions  of 
" fttuctionally  rodent"  tyjje. 

(')  Statements  to  tho  contrary  have  been  made,  and  copied  froia  book  to 
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Thus  iD  Australia,  a  region  practically  wholly  monopo- 
lised by  Marsupials,  a  marsupial,  the  Wombat,  has  a  den- 
tition Tery  much  like  an  ordinary  placental  Hodent.  In  the 
island  of  Madagaacar,  one  of  the  very  fow  parts  of  the  globe 
without  indigenous  rodents  (except  a  few  Muridte),  a  Lemur- 
ine  animal,  the  Cbeiromys,  has  a  dentition  niodiiicd  in 


1 


similar  direction,  (though  it  is  probably  employed  to  gi 
different  sort  of  food) ;  and  elsewhere,  scattered  all  over  t 
world,  we  have  the  ordinary  Rodents. 

In  fact,  three  seta  of  creatures,  as  widely  different  from 
each  other  in  parentage  as  they  well  could  be,  have  been 
modified  by  natural  selection  until  they  have  dentitions,  not 
identical,  but  for  practical  purposes  not  unlike. 

It  is  impossible  to  conceive  that  these  three  creatures 
have  had  anything  in  the  way  of  common  origin  :  their 
ancestry  must  have  been  widely  different,  tho  regions  in 
which  they  live  have  been  isolated  from  one  another  for 
conntless  years,  and  yet  they  have  each  got  to  a  "  practically 
rodent "   type  of  dentition.      Of  extinct   Lemurs   little  ie 

ra),  abon-ing  general  oLsroclei  of  ja 
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known,  and  of  the  anceatry  of  Cheiromys  nothing ;  but  in 
the  compact  group  of  UarsupialB,  atill  living  in  Aufltralia, 
we  are  able  to  dimly  see  some  of  the  progreasive  steps  which 
seem  to  tend  toirardB  this  rodent  foi-m  of  dentition.  In 
Australia,  roughly  speaking,  there  were  nothing  bift  Mar- 
Fio.  I2i  ('). 


aupials ;  in  Madagascar  more  Lemurs  than  anything  else  ; 
andineachcase,  out  ofthe  material  at  hand,  natural  selection 
haa  manufactured  a  "  rodent "  dentition. 

At  the  same  time  the  force  of  inheritance  ia  seen  in  each 
of  them  retaining  characteriBtics  of  the  groups  whence  they 
have  been  derived,  so  that  underlying  the  primA  facU 
resemblance  in  the  teeth,  there  are  points  in  their  several 

(')  A.  Milk  teeth  of  tie  Lemume  Cbeiromja,  with  the  permanent  in- 
eUoiB  just  coming  into  place  It  diffen  from  any  Rodent  bj  halving  majif 
uilk  tmtb.  i.  Fermauetit  incisor.  (  2.  PoBl«tior  deciduons  inoisoT. 
'..  Dedduoua  caninB.  d,  d  2.  DecidDoDa  molarB.  I.  Lowar  permanent 
ndaor.  i  2.  Lower  deciilnous  canine.  da,db.  Lower  ileoiduouB  molar, 
B.  Heduced  ontiine  figure  of  ita  permanent  dentition,  in  whicii  it  closely 
lies  the  true  roOents.  ■ 


298  A    MANUAL    OF  DENTAL   ANATOMY 


dentitions  whereby  the  wombat  shows  its  marsupial  afiOnities, 
and  the  Aye-aye  its  quadrumanous  affinities. 

An  example  of  the  same  sort  of  thing  is  seen  in  the 
occurrence  of  hinged  teeth  in  various  families  of  fish  (see 
p.  218)  in  which  the  requirements  of  a  hinge  and  of  a  means 
for  restoring  the  bent-down  tooth  to  the  upright  position  are 
attained  by  different  mechanism  according  to  the  difl^erence 
in  the  raw  material,  if  such  an  expression  may  be  allowed. 

The  approximation  to  a  rodent  type  of  dentition  by  a 
number  of  widely  different  animals  has  led  to  the  suggestion 
being  made,  that  it  does  not  follow  that  all  existing  Rodents 
have  had  a  common  origin.  Thus  Oscar  Schmidt  ("Mam- 
malia," Intemat.  Scientif. scries,  p.  291)  writes  : — "Acompari- 
son  of  the  very  different  shapes  of  the  molars  in  the  Eodents 
among  one  another,  and  the  approximation  of  many  genera — 
not  as  yet  decided  Rodents — to  the  Rodent  type  (for  instance 
the  Wombat,  the  fingered  animal  (Aye-aye),  and  the  rock 
coney)  render  it  extremely  probable  that  even  our  present 
Rodents  are  not  of  one  and  the  same  origin.  The  fact 
remains,  animals  of  different  derivation  having  attained  a 
similar  exterior,  succeed  extremely  well  in  the  struggle  for 
existence,  or  even  better  in  their  endeavour  to  obtain  food. 
Unlike  as  they  may  be,  in  one  point  they  are  incontestably 
alike,  i.e.  in  the  development  of  continuously  growing  incisors." 

In  addition  to  those  modifications  which  are  of  direct  use 
to  the  individual  in  the  way  of  assisting  in  the  procuring  of 
food,  (fee,  any  character  which  would  enable  one  male  to  get 
an  advantage  over  other  males,  and  so  render  him  more 
certain  to  propagate  his  kind,  will  be  sure  to  be  transmitted 
and  intensified. 

Thus  we  can  understand  how  the  males  of  some  species 
have  become  ornamented ;  how  the  males  of  many  birds 
have  come  to  sing  ;  and,  what  is  of  more  immediate  concern 
to  us,  how  the  males  of  some  animals  have  become  possessed 
of  TTcapons  which  the  females  have  not.     The  possession  of 
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weapons  by  tho  male  is  strikingly  cacmiilified  in  the  teeth 
of  animals.  The  aialoa  of  many  fmgivorous  moiikeya  have 
canine  teetii  nuicli  larger  thau  those  of  the  females;  they 
are  cut  late,  coiucideutly  with  the  attainment  of  sexual 
maturity,  and  are  useful  to  their  posseasors  as  weapons  in 
their  combats  with  other  maloa.  The  male  narwal  has  its 
single  elongated  tusk ;  the  male  dugong  has  tusk-like  incisors; 
in  the  respective  females  these  same  teeth  are  insiguiScant. 

But  the  moat  striking  instance  of  the  teeth  being  modi- 
fied, BO  BS  to  serve  as  weapons  for  aesual  combat,  is  afforded 
by  some  members  of  the  group  of  nuninant-s,  amongst  whom, 
as  Cuvier  long  ago  pointed  out,  those  which  are  armed  with 
horns  have  no  canine  teeth,  and  vice  versd^a,  generalisation 
which,  although  subject  to  slight  exceptions,  reqiaina  upon 
the  whole  true. 

The  male  musk-docr  (Mosohus  moschiferus)  has  canine 
teeth  of  enormous  length,  while  it  is  quite  without  horua 
(see  fig.  125) ;  the  female  has  no  canine  teeth.  The  male 
muntjak,  which  has  very  short  horns,  has  canine  teeth,  but 
of  macL  smaller  size  than  those  of  the  musk-deer.  Other 
examples  of  hornless  deer  furnished  with  canine  teeth  are  to 
be  found  in  Swinhoe'a  water-deer  {Hydropotes  inermis)  and 
in  the  Elaphodus  cephalophua  (which  has  very  small 
antlers)  a  Chinese  deer  more  recently  discovered,  and  in 
the  TragiilideB,  It  is  obvious  that  males  furnished  with 
weapons  more  powerfid  than  their  fellows,  will  be  more 
likely  to  prove  victorious  in  their  battles,  to  drive  away  the 
other  males,  to  monopolize  the  herd  of  females,  and  so  to 
transmit  their  own  peculiarities  to  ofiapring,  which  will 
again  be  favoiu«d  in  the  same  way.  Thus  it  is  very  easy 
to  see  how,  amongst  gregarious  animals,  the  development  of 
teeth  serving  as  sexual  weapons  is  likely  to  be  favoured,  gene- 
ration after  generation,  uutU  canines  as  highly  specialised  aa 
those  of  the  musk-deer,  or  the  wild  boar,  are  attained  to. 

It  will  suffice  to  indicate  to  the  reader  that  he  must  be 
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prepared  to  find  that  the  teeth  are  profoundly  susceptible 
<X  modiBcation,  but  that,  amid  all  tbeir  varied  forras,  the 
evidencea  of  descent  from  imcestors  whose  teeth  departed 
leas  from  the  typical  mammaliaa  deutition  are  clearly  trace- 
able in  the  existence  of  rudimentary  teeth  and  other  siudi 
characters.  And,  although  it  is  by  no  means  probable  that 
we  have  recognised  more  than  a  part  of  the  agencies 

Pio.  12a  ('). 
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are  at  work,  natural  selection  and  sexual  selection  app« 
to  be  competent  to  produce  most  of  the  phenomena  of  modi- 
fication observed.  There  remains  one  other  influence,  much 
more  obacnre  in  its  natiire,  to  be  touched  upon,  namely, 
"correlation  of  growth"  or  "  concomitant  variation."  When 
we  find  that  when  boms  are  developed,  canine  teeth  are 
absent ;  or  that,  after  a  boar  has  beeu  castrat.3d,  his  tuska 
cease  to  grow,  although  we  may  be  quite  imable  to  conceive 
the  precise  manner  in  which  the  one  thing  influences  the 
other,  we  can  see  that  there  is  a  consistency  in  the  develop- 
ment of  the  sexual  weapon  ceasing  coincideutly  with  the 
destruction  of  the  sexual  apparatus,  or  in  the  fiict  that 
two  kinds  of  weapon  are  not  developed  in  the  same  animal. 


('}  Craninm  of  MoachnB,  showing  the  long  canine  tooth. 
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But  there  are  some  correlations  of  growtli  ot  a  atiU  more 
recondite  nature,  iu  which  the  counectiou  is  less  ohvioua. 
Of  this  nature  is  t!ie  relation  which  exists  between  pecu- 
liarities of  the  skin  and  of  the  teeth :  the  Edentata,  abnormal 
in  their  skins,  are  diiforent  from  moat  other  Mammalia  in 
their  teeth ;  whales,  yet  more  aberrnnt  iu  the  nature 
of  their  skins,  have  only  nidiraentary  teeth,  in  the  place  of 
which,  after  birth,  plates  of  whalebone  are  fouud. 

Mr.  Darwin  ("Animals  and  Plants  under  Domestication,") 
has  collected  a  number  of  curious  instances  of  relations 
existing  between  hair  and  teeth.  In  general  terms  it  majf 
be  said  that  auy  great  abnormality  in  the  hair  goes  hand 
iu  hand  with  an  abnormality  of  the  teeth.  Thus,  there  is  a 
breed  of  dogs  found  in  Turkey  which  are  almost  hairless, 
and  which  have  very  few  teeth,  their  dentition  being  reduced 
to  a  single  molar  on  each  side,  together  with  a  few  imperfect 
incisors  ;  and  in  the  humau  subject  inherited  baldness  has 
been  often  found  to  be  associated  with  inherited  deficiency 
of  the  teeth. 

But  we  must  not  go  further  than  to  say,  that  great 
abnormality  of  hair  goes  hand  in  hand  with  abnormality  of 
teeth,  for  examples  have  just  been  given  of  absence  of  hair  and 
absence  of  teeth  ;  and,  on  the  other  hand,  redimdance  of  hair 
has  iu  several  cases  been  accompanied  by  absence  of  teeth. 

Thus,  in  the  case  of  the  now  famous  hairy  family  of 
Burmah,  the  peculiarity  of  silky  hair  being  developed  over 
the  face  was  transmitted  to  a  third  generation,  and  in  each 
case  the  teeth  were  veiy  deficient  in  number.  A  year  or 
two  ago  a  hairy  man  and  his  son,  said  to  have  come  from 
the  interior  of  Russia,  were  exhibited  in  London,  and  they 
were  also  almost  toothless.C) 

(').  Tha  man's  mouth  eiemplified  tte  ilapendenae  of  the  growth  of  tbo 
jaw  upon  the  preseiXL-e  uf  teeth.  Ordinarily  the  increase  in  aiie  between 
childhood  aod  adult  age  takes  phiea  by  a  baclward  elongation,  which 
alloWH  tor  tha  uacceesive  derelopmcut  and  eruption  of  the  molars  behind 
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A  good  many  yeare  a^o  a.  bairy  woman  {Julia  Pastrana) 
was  exhibited  iu  London,  of  wliom  it  has  commonly  been 
reported  that  she  had  an  eacesaive  number  of  teeth.  Certain 
it  is  that  her  mouth  was  very  prominent,  and  that  she  was 
described  as  "  dog-faced  "  and  "  pig-faced,"  but  models  huve 
been  presented  to  the  Odootological  Society  by  Mr.  Hepburn, 
which  are  indisputably  known  to  be  models  of  her  month, 
and  these  do  not  show  any  excessive  number  of  teeth.  The 
teeth,  at  least  such  of  them  aa  can  be  seen,  are  enormously 
large,  but  tlje  mouth  is  affected  with  general  hyi^rtrophy 
of  the  gums  and  alveolar  processea  to  such  a  degree,  that 
only  a  few  of  the  teeth  can  be  made  out. 

But  this  does  not  make  her  case  the  leas  interesting  to 
the  odontologist,  for  in  the  huge  t«eth,  the  enormous  papilla 
of  the  gum,  and  the  redundant  hairs  on  the  face,  we  have 
evidence  of  a  disposition  to  hypertrophies  of  the  integument 
affecting  in  different  places  the  different  tegumentary  appen- 
dages which  happen  to  be  there.  And  that  the  teeth  are 
dermal  appendages  has  been  shown  at  a  previous  page  (aeo 
page  2). 

He  would  indeed  be  a  rash  man  who  ventured  to  assert 
that  he  had  recognised  all  the  agencies  which  are  at  work 
in  the  modelling  of  animal  and  vegetable  forma  ;  but  it  is 
safe  to  say  that,  at  the  present  time,  we  are  acquainted  with 
"  natural  selection,"  or  "  survival  of  the  fittest,"  an  agency 
by  which  variations  beneficial  to  their  possessors  will  be 
preserved  and  intensified  iu  successive  generations ;  of 
"sexual  selection,"  which  operates  principally  by  enabling 
those  poMessed  of  certain  characters  to  propagate  their  race, 
while  others  less  favoured  do  not  get  the  opportunity  of  so 
doing;    of  "  concomitant  variation  "  between  different  parte 

the  apaca  occupied  bj  the  tempoiaty  teeth.  Bnt  this  man  neTer  had  any 
trae  molare,  and  no  auch  backward  elnngation  of  the  jaw  had  CTer  taken 
pWe,  so  that,  though  lie  vaa  a  fuU-sized  man,  hia  jaw  tas  no  larger 
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of  the  body,  an  agency  much  more  recoudite  in  ita  opera- 
tions, but  by  which  ftgcnoies  affecting  one  part  may  eecond- 
arily  bring  about  alt«ratiouB  in  Bome  other  part. 

And  operating  in  the  contrary  direction,  we  have  a  certiun 
fiiity  of  organization,  so  that  the  power  of  inheritance  is 
constaatly  asaerting  itself  by  the  retention  of  parts  which 
have  become  uselesa,  for  a  time  at  all  events,  and  by  the 
occasioaal  reappearance  of  characters  which  have  been  loat. 

Some  rather  contradictory  statements  have  been  made  as 
to  the  direct  effect  of  high  feeding,  improvemeat  of  breed,  &o. 
upon  the  cutting  of  the  teeth,  early  maturity  being  of  course 
one  of  the  aims  of  the  improvera  of  farm  stock. 

With  regard  to  horses,  neither  high  feeding  nor  improved 
breed  seems  to  have  made  any  difference,  e.ff.,  a,  Highland 
pony  at  five  years  has  as  full  a  mouth  as  the  most  pampered 
horse.  But  in  cows  it  seems  to  be  different— thus  Highland 
cattle  have  all  the  permanent  teeth  at  four-and-a-half  or  five 
years  of  age,  whereaa  some  improved  breeds  have  a  ftill 
mouth  at  three  years  (Williams,  "British  Dental  Association 
Journal,"  April,  1882). 

Prof.  Brown  ("Journ.  Roy.  Agricnlt.  Soc,"  1881,  where 
may  be  found  much  valuable  information  on  this  subject,) 
has  been  unable  to  trace  any  change  in  thirty  years,  though, 
if  the  older  writers  were  accurate,  a  real  acceleration  has 
taken  place  over  much  longer  periods. 

He,  however,  quite  denies  that  high  feeding,  of  a  litter  of 
pigs  for  example,  will  produce  any  immediate  effect,  and 
strongly  lays  down  that  thei  r  dentition  is  a  reliable  test  of  age. 

Even  were  it  otherwise,  there  are  many  naturalists  who, 
with  Prof.  Weisamann,  think  that  acquired  qualities,  such  as 
this  woidd  be,  are  never  transmitted. 

Allusion  has  been  made  to  these  great  biological  questions 
with  the  view  of  helping  the  student  to  have  patience  to 
master  descriptions  of  minute  points,  of  which  ho  does  not 
at  the  moment  see  the  bearing,  by  giving  him   confidence 
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that  there  "are  no  charaoters  ao  trivial  hut  that  they  may 
throw  very  important  hght  upon  the  remote  parentage  and 
the  line  of  descent  of  the  creature  under  examinatiun.  And 
53  a  further  incentive  to  painstaking  and  minute  observa- 
tion, it  may  be  added,  that  things  which  are  rudimentary, 
and  therefore  inconapicnous,  are  often  just  the  things  whieh 
happen  to  teach  us  most ;  for  being  of  no  present  use,  they 
are  not  undergoing  tbat  rapid  change  in  adaptation  to  the 
oreatnie's  habits  which  may  be  going  on  in  organs  which  are 
actively  employed. 
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A  superficial  survey  of  the  teeth  of  tliose  mammals  wl 
posBBBs  two  sets  of  teeth  (diphyodonta)  will  indicate  tl 
notwithstanding  the  apparent  anomalies  brought  about  by 
adaptive  modifications,  a  close  correspondence  between  the 
several  teeth  of  different  animals  exists.  That  is  to  say,  we 
can  generally  identify  incisors,  premolars,  and  molars ;  nay, 
more,  when  an  animal  haa  leas  than  the  full  typical  number 
of  a  particalar  class  of  teeth,  we  can  ordinarily  say  with 
certainty  which  of  them  it  is  that  are  absent. 

As  it  is  impossible,  or  at  least  inconvenient,  to  avoid  the 
use  of  the  term  "typical"  dentition,  it  will  he  well  to  explain 
at  the  outset  what  is,  and  what  is  not,  meant  by  it. 

That  the  great  majority  of  biologists  reject  utterly  tho 
"  archetype  "  theory,  by  which  all  those  resemblances  which 
reoliy  exist  were  referred  to  the  iufluenee  of  a  sort  of  gene- 
ralised "  pattern  "  animal,  according  to  the  model  of  which 
all  other  animals  were  fashioned,  has  already  been  mentioned ; 
this,  then,  is  what  is  not  meant  by  a  "  typical  "  dentitioh. 
What  is  meant,  is  a  form  so  simplified,  so  little  modified  in 
any  special  direction,  that  we  can  conceive  it  to  bo  near  to  a 
a  parent  form  whence,  by  progressive  modification  in 
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.    sueceaaivB  generations,  other  forms  have  boeii  d 

caiinot  point  to  any  mammalian  dentition  at  present  known 
to  U8,  and  say  tliia  may  hsTe  been  the  parent ;  this  is  a 
typical  form  of  mammalian  dentition;  but  we  do  know  many 
fossil  forma  which  approximate  to  it  more  closely  than  do  any 
at  present  in  existence,  and  as  transitional  forma  of  animals, 
and  animals  of  highly  generalised  characters,  are  every  day 
coming  to  light,  we  do  not  doubt  that  such  forms  once  did 
actually  exist,  and  may  one  of  these  days  be  found.  But  it 
would  probably  be  as  far  back  as  Palfflozoic  times,  whereas 
our  oldest  mammalian  fossils  are  Mesozoic'  Absolute 
proof  would  be  obtainable  only  if  we  could  refer  to  its  place 
every  mammal  that  had  ever  existed,  and  show  every  step  in 
the  series  of  modifications  by  which  the  ultimate  divergence 
of  dentition  was  eifected.  But  evidence  far  short  of  absolute 
demonstration  serves  to  satisfy  us  on  moat  points,  and  there 
is  sufficient  evidence  available  to  enable  us  to  say  with  some 
confideuco  that  our  "typical"  or  parent  mammalian  dentition 
■was,  so  far  as  the  numbers  of  the  several  kinds  of  teeth  go, 
■3     1  4     3.. 

And  when  there  are  less  than  forty-four  teeth,  as  has  been 
already  mentioned,  we  can  in  most  cases  say  which  they 
are  that  are  absent. 

Thus,  taking  a  certain  bear  and  a  baboon  (each  having 
two  premolars  only  on  each  side),  we  are  able  to  decide,  by 
comparison  with  allied  creatures,  that,  in  the  ease  of  the 
hear,  it  is  the  second  and  third  premolars  which  are  wanting, 
the  first  and  fourth  remaining;  while  in  the  baboon  it  is  the 
first  and  second  which  are  wanting,  the  third  and  fourth 
being  present.  By  homology  we  mean  such  correspondenco 
as  is  above  indicated ;  a  correspondence  which  might  almost  be 
expressed  as  a  relationship  by  descent,  in  the  individual  teeth. 

(■)  But 
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Homology,  then,  is  almost  equivalent  to  identity  of  origin, 
or,  at  all  events,  to  eimilarity  of  origin  ;  but  it  by  no  means 
necessarily  invoivea  identity  or  even  similarity  in  the  pur- 
pose to  which  a  thing  is  ultimately  applied — a  fact  which 
will  be  further  illustrated  in  speaking  of  canine  teeth. 

The  Jiomologies  of  the  teeth  may  he  treated  under  two 
heads  :  the  one,  the  homologies  of  the  teeth  in  their  relation 
to  other  parts  of  the  body,  and  the  other,  their  more  especial 
homologies,  or  their  relation  to  one  another. 

The  relation  of  the  teeth  to  the  akin,  which  we  express  by 
calling  them  "dermal  appendages,"  as  well  as  the  epidermic 
nature  of  the  enamel,  and  the  dermic  nature  of  the  dentine 
have  been  sufficiently  discussed  at  former  pages,  so  that 
wa  may  at  onco  pass  to  the  homologies  of  the  teeth  vrith 
one  another. 

Teeth  lire  divided  into  incisors,  canines,  premolars,  and 
molars,  but  these  classes  do  not  all  admit  of  quite  aatia- 
factory  definition.  Incisors  are  defined  as  teeth  implanted 
in  the  intermaxillary  bone,  a  definition  which  baa  the  merit 
of  being  precise  ;  and  on  the  whole  there  is  a  certain  resem- 
blance running  through  incisor  teeth  in  most  animals,  but 
the  definition  of  lower  incisors  as  being  the  corresponding 
teeth  in  the  lower  jaw  is  a  good  deal  less  satisfactory,  because 
they  are  not  situate  upon  any  distinct  bone.  And  it  has 
even  been  denied  that  there  can  be  a  true  homology  between 
a  maxillary  and  a  mandibular  tooth. 

Molars  are  teeth  at  the  back  of  the  mouth,  which  come 
up  behind  the  milk  teeth  (when  there  are  any),  and  which 
are  generally  subservient  to  grinding  the  food. 

Premolars  are  t^eth  in  front  of  the  molars,  usually  differ- 
ing from  them  by  beiug  more  simple  in  form  and  being 
small  nl,  in  most  animals,  by  having  displaced  deciduous 
p    d  3,      Bui  they  are  not  alwaj's  simpler  in  form, 

n  m  11  r  {e.g.,  in  the  horse),  nor  do  they  always 
d   [.1         I  eiduoua  predecessors  {e.g.,  they  do  not  all  do  so 
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in  the  Marsupials),  bo  thtit  this  definitioa  is  not  absolutely 
precise.  Still,  as  a  matter  of  practice,  it  is  usually  easy  to 
diatioguish  the  premolars,  and  the  division  into  premolars 
and  molars  is  UBofiil. 

Any  olyection  that  can  be  raised  to  the  namo  of  premolar 
on  the  score  of  a  short  logical  defiuition  being  impossible, 
apphea  with  tenfold  force  to  the  canines.  (Cf.  Messrs- 
Moseley  and  Lankester,  Journ.  Anat.  and  Physiology,  1869.) 

The  nearest  approach  to  a  good  definition  is  that  which 
describes  the  canine  as  the  next  tooth  beliind  the  intermai- 
illary  suture,  provided  it  bo  not  far  behind  it ;  and  the 
lower  canine  as  the  tooth  which  closes  in  front  of  the  upper 
canine. 

A  great  deal  of  confusion  has  arisen  out  of  the  twofold 
flense  in  which  the  word  "  canine  "  is  used  ;  if  it  were  always 
applied  to  deBignatQ  the  first  tooth  in  the  maxilla  of  the 
typical  manunidian  dentition  qnitfi  irrespective  of  its  size, 
&c.,  and  the  lower  tooth  closing  in  front  of  it,  no  objectiou 
to  its  employment  could  be  made,  inasmuch  as  it  would 
designate  truly  homologous  organs. 

But  it  so  happens  that  the  tooth  in  question  is,  in  a  very 
large  number  of  familiar  animals,  developed  to  a  large  size 
and  sharply  pointed  for  use  as  a  weapon,  and  so  with  the 
word  canine  there  comes  to  be  asuociated  a  teleological 
idea ;  and  hence  we  are  dissatisfied  with  calling  the  first 
maxillary  tooth  "canine,"  when  there  is  some  other  tooth 
which  is  doing  its  work. 

On  the  other  hand,  if  we  aie  to  leave  out  of  court  hU 
considerations  as  to  size,  purpose  to  which  it  is  to  be 
applied,  and  so  forth,  there  is  nothing  left  to  make  it 
deserving  of  a  name  distinguishing  it  from  the  four  teeth 
behind  it.  So  we  must  be  content  with  some  auoh  state- 
ment as  the  following, 

A  very  large  number  of  animals,  notably  tlie  Camivora, 
have  one  tooth,  situated  a  little  way  from  the  front  of  the 
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mouth,  developed  to  an  nnuanal  length  &Dd  sliatplir  pointed, 
for  use  aa  a  weapon.  The  tooth  which  h&s  undergone  thU 
adaptire  modification  is  ueually  the  firet  which  lies  in  the 
nmiillaiy  bone ;  in  fact,  the  foremost  of  the  premolar 
Beries ;  br.t  it  occasionally  happens  that  it  is  some  other 
tooth  which  has  undei^one  this  modification.  When  we 
iiae  the  term  canine  we  should  generally  mean  a  tooth  so 
modified,  and  generally,  bnt  not  always,  should  bo  alluding 
to  the  same  tooth,  i.e.,  to  the  tooth  which  in  the  tTpical 
mammalian  dentition  comes  neit  behind  the  outermost 
incisor — the  first  of  the  premtilars,  if  we  allow  five  premolars 
instead  of  four. 

It  would  practically  be  very  inconvenient  to  abolish  the 
term  canine  ;  but  it  should  be  borne  in  mind  that  its  signi- 
ficance is  merely  equiviilent  to  "  caniniform  premolar,"  and 
that  in  describing  the  dog's  dentition  (p.  328)  we  should  be 
less  liable  to  be  misinterpreted,  were  we  to  say  that  it  has 
five  premolars,  of  which  the  first  is  caniniform.  To  those 
who  accept  the  doctrine  of  evolutiou  it  is  not  needfiU  to  say 
more,  as  it  is  hardly  possible  to  resist  the  conclusion  that 
the  teeth  of  the  parent  forms  were,  like  those  of  the  present 
monophyodonts,  not  much  differentiated  from  one  another. 
Then,  as  animals  diverged  and  became  modified  in  accordance 
with  their  requirements,  their  teeth  woidd  become  so  far 
differentiated  that  tJiey  would  admit  of  being  classified. 
Thua  the  Camivora  would  have  attained  to  a  stt^e  of 
differentiation  in  which  the  canine  is  functionally  certainly 
deserving  of  a  distinction,  whereas  along  other  lines  of 
descent,  differentiation  having  not  proceeded  so  far,  or  having 
proceeded  in  a  somewhat  different  direction,  it  would  not 
merit  a  distinctive  appellation. 

But  it  will  be  desirable  to  point  out  a  few  instances  of 
the  difficulties  to  which  those  anatomists  are  committed  who 
call  some  tooth  a  "  canine  "  in  every  caae  where  a  tooth  is 
situated   iu    the  masillary  bone,  close    behind  the    suture 
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which  connects  it  with   the   intermaxillary  hone,  whctlier 
that  or  any  other  tooth  be  large  and  pointedj  "  caiiiniform  " 

la  typical  Ruminants,  the  upper  jaw  lacks  hoth  inciHors 
and  canines  (with  certain  exceptions,  for  which  see  p.  299),  but 
iu  frout  of  the  lower  jaw  there  are  grouped  together  eight 
teeth,  closely  fitted  together,  and  of  almost  exactly  similar 
size  and  shape.  The  outermost  pair  of  these  teeth  are 
cAlled  canines,  because  (i.)  in  some  allied  species  the  tooth 


in  this  situation  is  more  pointed;  (ii.)  because  this  tooth 
shuts  in  advance  of  the  upper  caniue  when  the  mouth  is 
closed  (iu  those  allied  creatures  which  have  an  undoubted 
upper  caniue) ;  (iii.)  because  it  is  cut  later  than  the  others 
(Owen). 

These  three  reasons  are  weak,  because  (i.)  form  is  a 
very  unsafe  guide  to  homology,  and  as  to  the  lateness  of  its 
development  (iii.),  it  succeeds  to  tne  third  incisor,  by  Pro- 
fessor Owen's  own  showing,  after  about  the  same  lapse  of 
time  which  separated  the  eruption  of  the  second  and  third 
incisors.     Moreover,    Oreodou,    an  extinct  Ruminant  with 

{')  Oreoilon  Culbertsonii  (nfter  Leidy).  It  will  be  observed  that  in  the 
upper  jaw  tho  four  prcmiilara  of  the  typical  maioinalina  deDtition  an 
behind  the  "canine,"  hut  that  in  the  lawer  jnw  tho  tooth  which  wonld 
fulfil  the  funotiona  of  a  canine  ia  the  first  of  these  four,  and  therefore  \i 
rot  the  corrcEpond lug  tooth  to  the  "canino"  iu  the  npiier  jan-.  ' 
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oaainiform  teeth,  lias  the  eight  inciaora  in  the  lower  jaw  in 
addition  to  a  cardniform  tootli,  which  U  tlwjifth  tooth  counting 
from  the  front  With  reference  to  the  rektive  positions  of 
the  upper  and  lower  teeth,  determining  which  ia  and  which 
is  not  "the  canine,"  (ii.)  no  one,  looking  at  the  dentition 
of  Oreodon,  would  be  inclined  to  hesitiite  which  teeth  he 
should   Ciill  "  canines  ; "    yet   the   lower   caniniform   tooth 


Fiu.  127['). 


fin  I 


Bhnta  behind  the  upper,  and  therefore,  according  to  this 
test,  it  is  not  a  true  canine. 

In  the  Lemurs  there  ai-e  similarly  eight  procumbent  teeth 
occupying  the  front  of  the  lower  jaw,  of  which  the  outer- 
most pair  ore  called  canines,  although  not  in  the  sniaJtest 
degree  meriting  that  name  for  any  other  reason  than  that 
they  close  in  front  of  the  caniniform  tooth  of  the  upper  jawi 
for  they  are  just  like  the  other  incisors. 

But  it  is  in  the  InKctimra,  which  in  some  respects 
represent  an  ancient  and  generalised  munimalian  form,  that 
the  greatest  difficulties  occur. 

To  the  mole  no  less  than  four  dental  forraulto  have  been 
assigned,  all  turning  upon  the  identification  of  the  canine. 

(')  Upper  and  lower  teetb  of  the  common  mole.  In  it,  just  as  in 
Oreodon,  tho  teeth  wLich  fulfil  the  functions  of  canines  ure  not  corre- 
fiponiiing  teeth  ia  the  npper  and  lower  jaws. 
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Tho  difficulty  is  this  :  Tho  upper  tooth,  which  looks  like  a 
canine,  has  two  roots,  and  ia  implanted  (and  its  deciduous 
predeuessora  also  lie  :  Spence  Bate)  within  the  limitB  of 
the  premaKilliiry  bone.  And  besides  this,  the  lower  tooth, 
which  answers  the  pur[>08e  of,  and  ioolta  like,  a  canine, 
closes  behind  instead  of  iu  front  of  the  great  upper  tooth. 

EHcnlv*  has  a  sharp,  long,  biro-fang«il  tooth,  in  pattern  of  crown 
an  enlarged  premolar,  iu  poBition  of  npper  oauine,  and  no  canini- 
form  tooth  in  lower  jaw. 

CeHtettit  bos  typical  canines,  like  a  Carnivore. 

HeBtieentetm.  The  BO-called  canine,  differs  in  no  reapech  from  the 
premolare  behind  it. 

Eriiuu'eai.  So-called  upper  canine,  two-rooted,  and  like  the  pre- 
molars which  follow  behind  it. 

GyiitHura.  Upper  oftnine-like  tooth  has  two  roots ;  a  single-rooted 
lower  pointed  tooth  closes  in  front  of  it. 

MofrntedU  and  PctrMnmnis.  The  third  or  outermost  incisor  is 
two-rooted,  long,  and  sharp,  and  plaja  the  pact  of  a  canine. 

Petaiiuigale.  A  timall  tooth,  in  no  reupeot  different  from  the  other 
premolars,  is  called  a  "  oanine." 

In  some  of  the  groups  no  tooth  has  been  lengthened  and 
pointed,  bo  as  to  serve  as  a  canine  ;  in  others  it  is  the  wrong 
tooth,  i.e.,  not  the  same  tooth  as  hi  the  Oamivora,  or  as  in 
other  losectivora.  Consequently,  in  the  lusectivora  the 
elevation  of  a  tooth  into  caniniform  length  and  character  is 
a  mere  adaptive  modification,  which  may  affect  an  incisor, 
or  a  premolar,  or  no  tooth  at  all. 

A  lai^  number  of  the  small  Mesozoic  mammals  had  two- 
rooted  canine  teeth  (Marsh). 

It  appears  to  me  that  the  result  of  all  investigations  int* 
the  homologies  of  mammalian  teeth  may  be  summed  up 
somewhat  in  the  following  manner. 

The  evidence  of  a  common  pattern,  which  is  traceable  in 
incisors,  cauiucs,  premolars,  and  molare,  would  seem  to 
indicate  that  their  special  forma  have  been  all  derived 
from  modifications  of  some  much  more  simple  form,  and 
that  if  we  arc  ever  to  find  what  might  be  called  a  parent 
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mammalian  dentition,  it  will  be  nearly  "homodont 
is  to  say,  the  several  teeth  will  not  differ  much  from  ore 
another  in  size  and  eliape,  just  aa  ne  Bce  to  be  the  case  in 
the  dolphin  or  tlie  armadillo. 

If  wo  were  able  to  place  in  unbroken  series  all  the  den- 
titions through  which,  by  progressive  modification,  the 
original  almost  homodont  dentition  had  passed  into  a 
highly  specialised  dentition,  like  that,  say,  of  the  cat,  it 
would  be  a  matter  of  impossibility  to  fix  upon  any  point 
where  we  should  be  justified  in  asserting  that  here  the 
homodont  dentition  has  recently  become  heterodont:  at  this 
point,  for  tlie  first  time,  we  have  incisors,  caniueK,  molarB. 

The  earliest  mammalian  dentitions  known  to  us  carry  ua 
back  no  further  than  Mesozoic  times,'  and  of  the  Mesozoic 
mammals  we  may  say  that  they  had  mostly  smooth  cerebral 
hemispheres,  no  inflection  of  the  angle  of  the  lower  jaw,  and 
forty-four  or  more  teeth  r  of  these  the  canines  had  two  roots, 
and  the  premolars  and  molars  were  little  differentiated  from 
one  another.  The  generalised  members  of  these,  whom  Prof. 
Marsh  proposes  to  group  under  the  new  order  Pantotheria, 
were  perhaps  the  ancestors  of  the  modern  specialised 
Insectivora  (American  Journal  of  Science,  April,  1887). 

The  usual  pattern  of  tooth  was  tricuspid,  the  central 
cusp  greatly  preponderating,  but  it  remains  uncertain 
whether  these  Mesozoic  mammals  were  Marsupials  or 
Placentals,  or  whether  they  may  be  generalised  forms  from 
which  both  have  been  siiBsequently  derived. 

The  Amphitherijim  (lower  jaw  alone)  is  one  of  the 
earliest  dentitions  known,  coming  from  the  Jurassic 
formations ;  it  had  sisteen  teeth,  which,  so  far  as  their 
forms  can  tell  ua,  were 

But  from  the  Purlcck  bone  bed  quite  a  number  of  forma 

aai--  ;   -  -  (']  SoB-footnote  OU  p.  305, 
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bave  beea  described,  Bome  of  which  have  fievernl  inciaors, 
and  n  general  iuscctivoroua  type  of  dcutitioa  (Polyproto- 
donts);  others  have  a  single  long-pointed  inciaor  on  eaeh  side 
of  the  median  line  (Diprotodoate)  like  existing  kangaroos, 
and  compresaed  blade-ahaped  premolars,  ho  that  even  at 
this  period  much  differentiation  hnd  already  taken  place, 
and  we  are  fur  from  generalised  parent  forms. 

It  is  noted  by  O.  Schmidt  that  specialisation  of  teeth 
often  goes  hand  in  hand  with  specialisation  of  the  extremities. 

A  largo  number  of  extinct  Ungulata  had  the  full  typical 
number  of  mammalian  teeth,  viz.,  forty-four,  and  in  some 
the  individual  teeth,  incisors,  canines,  premolars,  and 
molars,  passed  into  one  another  by  insensible  gradations, 
and  contiguous  teeth  were  but  little  difl'erentiat«d  from  one 
another.  Professor  Flower  has  described  and  figured  such 
an  extinct  Ungulate  imder  the  nanie  of  Homalodontotherium 
(PhUos.  Trans.  1874).  It  is  exceedingly  interesting  to  find 
that  far  back  in  geological  time  the  dentitions  were  more 
generalised,  both  carnivorous  and  herbivorous  mammals  of 
the  Eocene  period  usually  possessing  the  full  typical  number 
of  teeth,  and  displaying  less  of  special  modification ;  but  the 
few  fonua  of  life  which  have  been  banded  down  in  a  fossil 
state  do  not  as  yet  offer  us  by  any  means  an  unbroken  chain 
of  forms  differing  from  one  another  by  progressive  modifica- 
tion, escept  in  a  few  cases :  thiis  the  ancestry  of  the  horse 
is  now  comparatively  completely  known  to  ns. 

Bearing  in  mind  that  the  several  kinds  of  teeth  have 
probably  a  common  origin,  the  homological  differentiation 
in  the  incisors,  premoliirs,  and  molars  may  be  advantageously 
admitted,  and  made  use  of  as  a  basis  for  comparing  and 
classifying  the  teeth  of  different  animals.  It  is  usually  said 
that  when  incisors  are  missing  from  the  full  typical  number, 
they  are  lost  from  the  outer  end  of  the  series ;  that  is  to 
say,  if  there  is  but  one  incisor  it  ia  I^;  if  two,  Ij  and  I,. 

There  are  many  esceptions  to  this ;  e.g.,  the  first  incisor 
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rence  of  other  than  the  three  usual  tiaaues.  Thus  the 
romaina  of  the  central  pulp  cavity  often  becomea  occupied 
by  calcified  pulp,  forming  "  oBteodeutine ; "  thia,  which 
oeciira  in  man  aa  an  almoat  pathological  condition,  is  per- 
fectly normal  in  many  auitnala ;  in  the  sperm  wbalc,  for 
instance,  or  in  the  conatantly  growing  teeth  of  the  sloth, 
the  central  axea  of  which  are  occupied  by  dentine  permeated 
by  medullary  canals. 

It  ia  not  so  much  the  complexities  induced  by  variation 
in  minute  atructiuiB  that  concern  ua  here,  aa  those  brought 
about  by  the  arrangement  of  the  different  tissues. 

If  we  take  a  simple  conical  tooth  with  one  cusp,  such  as 
a  canine,  and  grind  or  wear  down  its  apes  till  the  terminal 
portion  of  enamel  ia  removed,  its  blunted  end  will  present  a 
more  or  leas  circular  area  of  dentine,  Kurrouuded  by  a  rim 
of  enamel.  If  we  imagine  a  tooth  with  four  long  similar 
cusps,  we  shall  at  a  certain  stage  of  wear  have  four  such 
areas,  while  eventually,  as  the  tooth  gets  worn  down  below 
the  level  of  the  bases  of  the  cuspa,  there  will  come  to  be  a 
single  lai^r  area  of  dentine  surrounded  by  enamel.  Thus 
in  tboae  teeth  the  grinding  surfaces  of  which  are  rendered 
complex  in  pattern  by  the  presence  of  several  cusps,  the 
pattern  changes  from  time  to  time  as  the  tooth  wears  down  ; 
while  the  addition  of  thick  cementum  filling  up  the  inter- 
spaces of  the  cusps,  adds  a  further  element  of  complexity,  as 
is  seen  in  the  teeth  of  most  herbivorous  creattirca.  Tha 
change  of  pattera  induced  by  the  wearing  down  of  the  snrface 
to  a  lower  level  is  well  and  simply  illustrated  by  the 
"  mark  "  of  the  incisor  teeth  of  a  horae. 

In  an  uncut,  and  therefore  perfectly  unworn  tooth, 
the  condition  of  the  apex  may  be  compared  to  the  finger 
of  a  glove,  the  tip  of  which  has  been  pushed  in  or  in-: 
vaginated.  The  depression  so  formed  ia,  like  the  reat  of 
the  aurface,  coated  with,  enamel,  und  with  a  thin  laj-ey 
cementum.        ;.,,... 


the  I 
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When  the  tooth  is  worn  down  to  a  considerable  extent, 
we  have  a.  field  of  dentine,  in  the  centre  of  which  is  an 
OT&l  ring  of  enitmel ;  within  this  a  spaae  filled  with  the 
debris  of  fiioi,  iSio.     This  constitutes  the  marlt,  and  us  the 


tooth  becomes  further  worn  down,  below  the  level  of  the 
bottom  of  the  pit,  tlie  mark  diBappeore,  and  a  plain  area  of 
dentine  results. 

Interesting  na  have  been  the  discoveries  made  of  late 
years  in  mammalian  palieontology,  it  is  not  as  yet  by  any 
means  possible  to  say  that  all  complex  mammalian 
teeth  may  he  conaidered  to  have  been  derived  from 
a  simple  conical  tooth  ;  though  the  pattern  of  some,  for 
example,  of  the  molars  of  the  horse,  may  be  traced  back 

L  increasing  simplicity  through  a  number  of  parent  forma. 
Virohow,  in  relating  a  case  in  which  the  place  of  an  upper 
(')  Horsa  iacieor,  in  loDgitudmal  section. 
(')  Horae'a  inciaors,  showing  the  mark  at  varioua  ages. 
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molar  had  been  taken  by  three  peg-Bhaped  denticles  t 
separate  roots,  suggests  that  this  may  have  been  due  to 
atavism,  and  that  multicuspid  teeth  may  have  been 
formed  by  the  coalescence  of  several  separate  teeth  of  the 
homodont  parent  dentition.  But  a  study  of  the  evolution  of 
complex  forms  of  tooth  crow-n  from  simple  ones  seems  to 
negative  this  hypothesis.  And  Dr.  H.  F.  Osbom  (American 
Naturalist,  Dec.  1888)  has  made  an  important  contribution 
to  this  subject  by  wide-spread  inveatigations,  the  result  of 
which  is  to  indicate  that  a  trituhercnlate  molar  was  almost 
as  universal  among  Mesozoic  mammals  as  a  pentadactyle 
foot.  The  three  cusps  were  arranged  in  a  triangle,  the 
single  cusp  lying  to  the  inner  side  {antero-intemal)  in  the 
upper,  und  to  the  outer  in  the  lower  molars  ;  and  the  whole 
triangle  of  cusps  of  the  lower  tooth  passed  in  front  of  that 
of  the  upper  in  closure  of  the  month,  the  teeth  of  the  two 
jaws  thus  alternating  rather  than  meeting  grinding  surface 
to  grinding  surface.  He  believes  that  these  "  three  primary  " 
cusps  "  formed  a  central  stage  from  which  the  great  majority 
of  recent  molar  types  have  diverged  by  the  addition, 
modification,  and  reduction  of  cusps  :  we  miist  except  the 
Monotremes,  the  Edentatos,  and  possibly  the  CetacenoB, 
although  there  is  considerable  evidence  that  the  CetaceMi 
molars  were  once  of  the  Triconodont  type." 

Believing  that  a  simple  cone  was  the  original  form,  a 
trituberculate  form  had  been  reached  by  the  MeaoKoio 
period,  and  these  three  primary  cusps  may  be  traced  and 
their  homologies  established  in  later  and  more  complex  molar 
patterns  ;  the  added  or  secondary  cusps  following  certain 
lines  and  allowing  of  the  establishment  of  their  homologies, 
though  with  less  certainty. 

It  is  very  interesting  to  note  that  even  when  teeth  have 
become  flat-topped  and  quadri  or  quintiue-tuberculate,  the 
primary  triangles  of  the  upper  and  lower  teeth  retain  their 
old  relative  position,  i.e.  alternate  with  one  another. 
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Dr.  Osbora  proposes  a  iiomenolatiire '  for  the  cuspa, 
slightly  less  cumbrous  than  "  antero-external,"  itc.,  &c.,  but 
whether  it  will  obtain  currency  time  must  show :  he  gives 
names  to  six  cusps  on  both  upper  and  lower  teeth,  i.e.,  to 
three  supplementary  ones  besides  the  primary  ones. 

A  very  instnictive  scries  of  comparisons  of  the  molar 
teeth  of  inaectivora  has  been  made  by  Mr.  Mivart  (Journal 
of  Anat.  and  Pbyaiol.,  1868),  pointing  out  that  within 
the  limits  of  this  group  a  great  variety  of  patterns  is  met 
with,  the  several  modifications  being  connected  by  transi- 
tional forms. 

It  would  appear  that  upon  the  molar  teeth  (upper)  of 
Insectivora  there  are  four  principal  cuaps  (lettered  a,  b,  c.  d, 
in  the  figure)  which  are  more  or  less  connected  by  ridgea; 
such  simple  teeth  arc  met  with  in  the  elephant  mice 
(Macroscelides)  and  hedgehog.  The  cingulum  is  well 
developed  in  most  of  the  group,  and  the  further  complexity 
of  the  croiMiB,  which  often  bristle  with  sharp  points,  is 
brought  about  by  the  elevation  of  the  cingulum  into  long 
sharp  points,  equalling,  or  exceeding  in  length,  the  principal 
cusps  of  the  tooth. 

Thus  in  UrotrichuH,  a  Japanese  creature  having  affinities 
with  the  mole,  the  external  cingulum  is  elevated  into  three 
distinct  pointed  cusps,  united  by  ridges  with  the  two  prin- 
cipal cusps,  an  ari'augement  which  gives  a  sort  of  W  pattern 
to  the  surface,  while  to  the  inner  side  the  oiugidum  forma 
another  cusp,  so  that  there  are  in  all  eight  cusps ;  the 
common  mole  has  the  third  cusp  developed  from  the  outer 
cingulum,  but  its  two  inner  principal  cusps  are  fused  together 

'  Protocoae^Antero- internal  t^ep  of  npper  moUr  ;  t  homalogne  oC  thg 
single  cDHji  of  piimitjve  toatb. 
FankCone  =  Antero-Biteniid  cuKp  oE  upper  molar. 
UBt«cone  =  PoBtero-«[ternal  cuap  of  upper  molar, 
FrDlocoQid^Anlera-eitsrniil  casp  of  lower  motar. 
Parftconid,  metaconiil  — corraeponcling  ciispa  of  lower  teeth. 
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and  lose  their  diatmctiveDesa.  The  suppression  and  fusion  of 
cusps  is  earned  to  a  much  greater  extent  in  the  compressed 
t«eth  of  the  iridescent  mole  (('hrj-aochloris),  but  there  are 
intermediate  forms  which,  render  it  enay  to  identify  ita 
reduced  parts  with  those  corresponding  to  them  in  the  mole 
or  in  Urotrichui. 

Fw,  130(1). 


Speaking  generally,  it  may  bo  said  that  new  cuspa  are 
added  to  the  number  already  esisting,  by  the  cingulum 
becoming  elevated  into  points  ;  it  is  not  very  unusual  to  see 
Bubaidiary  ciisps  obviously  originating  in  this  way  upon 
human  molai-s. 

Kidges  may  variously  connect  the  cusps ;  and  the  coales- 
cence of  two  or  more  cuspa  to  form  an  exceedingly  elevated 
point  is  illustrated  by  the  camassial  tooth  of  Camivora;  to 
this  transformation  certain  marsupial  teeth  form  the  clue,  as 
they  afford  unquestionable  evidence  of  such  coalescence  by 
a  gradational  series  of  small  modifications  in  this  direction 
occurring  in  allied  creatures. 

A  common  pattern  of  tooth  is  formed  by  the  junction  of 
the  two  anterior  and  two  posterior  cusps  by  simple  ridges ; 

('}  Cpper  mnlar  teeth  of  (A)  Urotrichue  ;  (B)  Mole  ;  and  (C)  CLryso- 
chlorie.  Tfae  four  principal  cuepB  are  lettfred  a,  6,  e,  i,  io  eaeh  of  tlia 
fignres.  In  A  the  cingulum  baa  be«n  eleTaled  ho  as  to  form  four  additionil 
cQfipa  on  tlie  BKtd.-ior  of  tho  tooth,  and  one  additional  ciiap  on  the  interior. 
B  and  C  show  the  fusion  of  certain  of  these  ciispn,  and  the  consequent 
diminution  in  their  number.      (From  Mivari. } 
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and  the  cingulnm  may  connect  the  outer  enda  of  these  two 
ridges ;  such  a,  tooth  is  seeu  in  the  Tapir,  and  ia  the 
Palfeotherimn.  By  the  Taried  obliquity  of  these  ridgea, 
and  by  the  introduction  of  saoondary  inflections,  patterns 
apparently  dissimilar  are  arrived  at. 

In  the  molar  tooth  of  the  horse,  arrived  at  by  a  modifi- 
cation of  the  Palfflotherium  type,  we  have  a  sur&ce  con- 
stantly kept  rough  by  the  varying  hardness  of  its  different 
constituents. 

In  a  worn  tooth,  we  have  upon  a  general  field  of  dentine 
two  islands  of  cenientum,  boimded  by  tortuous  lines  of 
enamel,  and   on  the   inner   side  a  sort  of  proniontory  of 


I 


FiQ.  131  {I). 


dentine,  bounded  by  enamel.  The  tortuous  lines  of  enamel 
by  virtue  of  their  hardness  will,  at  all  stages  of  wear,  be 
more  prominent  than  the  deutine  or  the  cementum,  and 
mil  heuce  maintain  the  efficiency  of  teeth  as  grinders. 

The  patterns  of  grinding  surface  thus  produced,  are  very 
constant  for  allied  species,  so  that  an  individual  tooth  of  a 
herbivore  may  sometimes  be  correctly  referred  to  its  genus, 
and  alwaj-s  to  its  family. 

But  as  it  v;ill  bo  necessary  to  recur  to  this  subject  from 
time  to  time,  it  will  suffice  for  the  present  to  point  out  that 


(•)  Mokr  tooth 
grinding  surface. 


I  Horse,  showing  the  cbamcterlslic  pattern  of  i 
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Bucli  correspoiidenoeB  do  esiat,  and  that  all  the  complexitieB 
of  pattern  found,  may,  in  practice,  be  reduced  to  Bome  few 
types. 

The  development  of  additional  cusps  from  np-growths  of  the 
cingulum,  and  the  aiippreBsion  or  fusion  of  pre-existing  cusps, 
may  be  traced  by  a  compariBon  of  the  teeth  of  allied  animals, 
and  thus  connecting  links  are  found  between  patterns  at 
first  sight  very  dissimilar.  The  order  Proboscidea  affords, 
however,  so  instructive  an  instance  of  the  manner  in  which 
an  exceedingly  complei  tooth  has  been  derived  from  a 
simple  one,  that  it  may  be  mentioned  in  this  plaee  as  Em 
example. 

The  tooth  of  the  elephant  is  so  strikingly  unlike  other 
teeth   that  it  might  at  first  sight  be  supposed  that  it 


ixities        ] 


more  essentially  different  tbau  m  really  the  case-  The  clue 
to  its  nature  is  afforded  by  the  teeth  of  an  extinct  Pro- 
boscidian, the  Mastodon.  If  we  take  as  our  starting  point 
the  second  true  molar  of  one  of  the  Mastodons  (Tetralo- 
phodon)  we  find  its  crown  to  be  made  up  of  four  strongly 

(')  Stoond  upper  raolar  of  Mastwlon  (longirostriii*,  from  Falconer. 
About  oDB-eightli  natural  eiie.  The  four  tranaveree  riclges,  h,  c,  d,  t,  axa 
geeu  to  be,  to  aooie  extent,  illTiileii  into  outer  and  inner  divisions  bj  a 
longitudinal  oleft,  mucti  leaa  deep  than  tho  transverse  iudentation.  At 
the  front  til  ere  is  a  slight  elevation  of  cingnlum  into  n  "talon"  (o),  and  a 
gimilar  one  at  the  I'acV  of  the  Lcoth  ;  by  its  further  clevatioa  tulditiq 
riJaes  or  cuapa  would  bo  formed. 


tulditig^^^ 
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pronounced  transverse  ridgea,  the  Bummita  of  which  are 
made  up  of  rounded  eminences  (whence  the  name  Mastodon, 
from  fiorrrni,  a  nipple).  The  three  transverse  ridges  coalesce 
at  their  bases,  and  the  crown  is  supported  upon  a  number 
of  roots  corresponding  to  the  ridges. 

If  we  take  the  neit  tooth,  or  the  third  true  molar,  the 
general  character  remains  the  same,  save  that  thore  are  five 
ridges,  and  indications  of  as  many  roots  ;  still  the  general 
correspondence  of  the  ridges  with  the  cusps  of  less  aberrant 
teeth  is  obvious. 

The  crown  is  coated  by  enamel)  over  which  there  is  a 
thin  layer  of  cement,  which  does  not  fill  np  the  whole 
interval  between  the  ridges. 

Thiis  the  tooth  is  not  a  very  aberrant  one ;  it  is  obviously 
nothing  more  than  a  tooth  in  which  the  somewhat  numerous 


cusps  are  connected  by  transverse  ridges,  and  are  veiy  long 
and  strongly  pronounced. 

To  convert  the  tooth  of  a  mastodon  into  that  of  an 
elephant,  we  should  have  to  multiply  the  number  of  ridges, 
to  further  increase  their  depth,  to  fill  np  solidly  the  inter- 
spaces between  them  with  cementiim,  and  to  stunt  the 
roots.  The  completed  tooth  of  an  elephant  is  a  squarish 
or  rather  oblong  mass,  from  the  base  of  which  spring  con- 
tracted and  stunted  louta.     It  consists  of  a  common  pulp 


(')  Molar  Tootli  of  an  Aaiatic  Elephant,  ehowi 
deatina  bordered  by  enamel. 


plates  d 
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oavity,  small  in  proportion  to  the  bulk  of  the  tooth,  and        II 
deep    down  in   the  mass ;    from  it  many  thin  laminee  are 
sent  up  towards  the  eurfaue,  eaeh  fumiing  the  core  of  an 
area  of  dentine  enclosed  by  enamel ;  and  the  interspaces  of 
these  exaggerated  cuapa  are  solidly  filled  in.  by  cementum. 

Between  the  Mastodon  and  the  Indian  Elephant  are  a 
number  of  transitional  forma  in  which  we  are  able  to  trace 
the  gradual  modification  of  the  not  exce^ively  aberrant 
tooth  of  the  Mastodon  into  the  very  peculiar  huge  molar 
of  the  Indian  Elephant. 

The  mimerous  transverse  plate  of  the  elephant's  grinders 
are  united  by  dentine  at  their  bases,  aud  a  common  pulp 
cavity  aud  trimcated  roots   are  formed;    but  in  this  last 


Fig.  134(11. 


respect  the  molar  teeth  of  the  Capybara  depart  atiU  farther 
from  the  ordinary  type,  for  being  molars  of  persistent 
growth,  their  numerous  transverse  plates  of  dentine  and 
enamel  do  not  become  continuous,  and  there  is  no  c( 
pulp  cavity.  It  is  as  though  in  an  elephant's  grinder  the 
plates,  which  are  for  a  long  time  distinct,  never  coaleaeed, 
but  continued  to  grow  on  separately,  being  united  with  their 
fellows  by  eementum  only. 

It  has  been  siiggestcd  (J.  A.  Ryder,  Proc,  Acad.  Nat. 
Soiencea,  Philadelphia,  1878),  that  the  pattern  of  the  molar 
teeth  of  herbivora  is  the  result  of  the  extent  aud  direetion 
of  the  excursions  of  the  mandible  when  it  is  in  use,  and  so 
depends  upon  the  form  of  the  glenoid  cavity  and  of  the 


e  plates  of  dentiiM 
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condyle,  aud  that  hence  the  greatoat  modification  is  to  be 
found  nearest  to  the  articulation,  where  the  greatest  force 
is  exerted. 

Thus  "bunodont"  animalB,  i.e.  those  that  have  rounded 
conical  cuapa  upon  their  short-rooted  teeth,  have  a  cylindrical 
condyle ;  selenodonts,  or  those  with  orescentic  ridges  ou  the 
molars,  have  a  condyle  which  is  expanded  and  plane,  while 
lophodonta,  or  those  with  tranaversely  ridged  teeth,  have  a 
globular  condyle. 

That  there  is  some  correspondence  between  the  condyle, 
the  movement  of  the  jaw,  and  the  form  of  the  teeth  is  a 
fact,  but  it  is  not  so  easy  to  see  how  it  is  brought  about. 

The  simple  mechanical  explanation  that  the  teeth  are 
so  to  speak  drawn  out  into  these  forms,  whether  in  one  or 
in  ten  thousand  generations,  does  not  commend  itself  to  my 
mind.  For  that  portion  of  the  tooth  which  is  subject  to 
these  direct  influences  is  hard  and  rigid,  and  its  form, 
whatever  it  be,  is  unalterable  :  in  order  to  alter  the  form  of 
ft  masticating  surface  by  direct  mechanical  means,  the  in- 
fluence would  have  to  be  brought  to  hear  upon  the  teeth 
■while  they  are  yet  soft,  wheu  they  are  still  buried  within 
the  jaw. 

And  it  is  believed  by  many  evolutionists  that  acquired 
properties,  i.e.,  those  acquired  by  the  individual  under  out- 
side influences  after  its  birth,  are  never  inherited,  but  that 
nothing  is  inherited  save  variations,  the  capacity  for  which 
pre-existed  in  the  ovum  and  the  spei-m  cell. 

Without  going  the  length  of  altogether  subscribing  to 
this  doctrine,  the  difficulty  of  seeing  how  a  mechani- 
cally-acquired character  should  he  inherited,  ja  at  least 
as  great  as  the  difficulty  of  realising  how  advantageous 
specialisations  should  be  carried  further  and  intensified  by 
the  ordinary  laws  of  natural  selection. 
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THE   WILK   DENTITION. 

Soma  thirty  years  ago  Professor  Owen  ealled  attention 
the  fact  tliat  those  mummala  in  whom  the  teeth 
different  parts  of  the  month  were  alike  in  form  (homodonts), 
developed  only  one  set  of  teeth,  and  to  indicate  this  oharoc- 
teristio  he  proposed  for  them  the  term  "  monophyodonta." 
Those,  which,  on  the  contrary,  had  teeth  of  different  size 
and  form  in  varioua  parts  of  the  mouth  (heterodonts),  de- 
veloped two  sets  of  teeth ;  a  "  milk  "  set,  which  was  dis- 
placed by  a  permanent  set,  and  this  peculiarity  he  expressed 
hy  the  term  "  diphyodonta."  Aa  originally  set  forth,  the 
terms  homodont  and  monophyodont  were  interchangeable, 
for  they  designated  the  same  gixjups  of  animals ;  in  the 
same  way  heterodont  waa  an  eqiiivalent  for  diphyodont. 

But  although  this  is  tnie  of  a  large  number  of  animals,  it 
is  not  true  of  all,  and  it  becomes  necessary  to  note  some  of 
the  exceptions. 

The  nine-banded  armadillo  (Tatnsia  peba)  is  a  true  homo- 
dont ;  its  teeth  are  all  very  nearly  alike,  they  are  simple  in 
form,  and  they  grow  from  persistent  pulps.  Yet  it  has 
been  shown  by  Rapp,  Gervais,  and  Professor  Flower,  to 
have  a  well  developed  set  of  milk  teeth,  retained  until  the 
animal  is  of  nearly  full  size. 

Thus  it  is  a  true  diphyodont,  at  the  same  time  that  it  is 
a  true  homodont  mammal.  But  no  milk  dentition  has  been 
observed  in  the  sloths,  nor  indeed  at  present  has  it  been 
seen  in  any  other  armadillo  (except  the  doubtfully  distinct 
T.  Klapperi) ;  nor  have  milk  teeth  been  found  in  any  Ceta- 
cean, so  that  the  rest  of  the  homodont  animals  are,  so  far  as 
we  know,  really  monophyodont. 

Nor  is  it  absolutely  true  that  monophyodonta  are  all 
homodont :  thus  the  rudimentary  teeth  of  Baltenoptera  are 
heterodont  (see  p.  342). 

Upon  the  whole,  our  information  respecting  the  "  milk  " 
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or  deciduous  dentition  is  defective  ;  but  much  liglit  has 
been  thrown  upon  the  auliject  by  the  iuvestigations  of 
Professor  Flower  (Journal  of  Anatomy  and  Physiology, 
1869,  aud  Transactions  Odontological  Society,  1871)j  of 
whose  papers  I  have  made  free  use  in  this  chapter. 

The  perpetual  replacement  of  teeth  lost,  or  shed  in  regular 
course,  which  characterises  the  dentition  of  fish  and  reptiles, 
finds  uo  parallel  in  the  case  of  mammals,  none  of  whom 

i     develop  more  than  two  sets  of  teeth, 

I  Just  as  homodoiit  mammals  as  a  rule  develop  but  one  set 

I  of  teeth,  so  heterodont  mammals  as  a  rule  develop  two  seta 
of  teeth,  though  exceptions  to  this  rule  may  be  found. 

I  The  deciduous  or  milk  set  of  teeth  may  be  of  any  degree 

of  completeness  ;  the  milk  teeth  in  mim  answer  the  require- 
ments of  the  child  up  to  the  age  of  seven  years,  and  in  the 
Ungulata   they   commonly   remain   untO   the   animal  has 

'  assumed  its  adult  proportions.  On  the  other  hand,  in 
many  "  diphyodont"  animals  the  milk  teeth  disappear  very 
early  indeed,  as  in  the  mole  (see  page  310);  whilst  there 
are  many  instances  of  the  milk  teeth  being  absorbed  in  utero. 
So  that  in  the  eitent  to  which  the  millc  teeth  are  developed, 
the  greatest  vaiiability  is  found  to  exist, 

A  perfectly  typical  milk  dentition  represents,  upon  a 
reduced  scale,  the  adult  dentition  of  the  animal,  with  the 
exception  only  that  sexual  differences  are  but  feebly  marked, 
if  indeed  they  are  at  all  present. 

Thus,  as  a  general  rule,  the  hindmost  of  the  milk  teeth 
bear  more  resemblance  to  the  true  molfu^  which  come  up 
behind  them,  than  they  do  to  the  premolars  which  come  up 
from  below  to  displace  them,  which  latter  are  generally  of 
simpler  form. 

In  what  may  be  termed  the  normal  arrangement,  each 
tooth  of  the  milk  series  is  vertically  displaced  by  a  tooth  of 
the  permanent  series ;  but  plenty  of  examples  may  be 
found  of  particular  milk  teeth  which  have  no  successorB, 
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md,  on  the  contrary,  of  individual  permanent  te«th  which 
lave  never  had  a  deciduous  predecessor. 
It  has  already  been  mentioned  that  amongst  homodonta 
1  of  teeth  hiiB  been  observed  in  the  Cel 

FiQ.  135  ('). 


vhioh  I 


nor  in   any  other   of  the    Edentata,  save   the  armadillo  ;  I 

amongst  heterodonts  there  arc  several  Rodents  which  have 
no  deciduous  teeth,  e.^.,  the  rat;  the  dugong  has  probably 
deciduous  iuciaors,  but  no  other  milk  teeth ;  the  elephant 
has  no  verticnl  succession,  save  in  the  incisors. 

Among  Marsupials,  wliich  are  true  heterodonts,  there  is 
only  one  milk  molar  on  each  side  in  each  jaiv;  this  is  always 

(')  Pormajicnt  and  milk   dentitiona  of   a   Dog;   the   latter  was  irell 
doveloppd.      Nat.  Bize. 

O  Penuuncut  and  milk  dentition  of  a  seal  (FhocaOrcenLuidia).  Kat.  aUe. 
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displaced  by  the  tliird  or  last  premolar ' ;  but  the  millt 
tooth  varies  in  the  extent  to  which  it  is  developed  from 
being  rudimentary  in  Thylaciuus,  probably  absent  altogetjiGr 

Fia.  137  ('). 


in  Dasyurua,'  aiid  Phascolnrctu3,  to  lieing  a  large  tooth 
retained  in  full  use  tUl  the  animal  ia  nearly  full  grown  in 
Hypsiprymnua. 

Within  the  group  Camivora,  the  dog  and  many  others 
have  a  thoroughly   well  developed  set  of  milk  teeth,  which 

(')  Probably  this  is  reallj  p  m,, 

(°)  FeriDinetit  nnd  milk  dentitiou   of   an   Elephant  Seal  (CTstophora 
proboscidia). 

(')  Teeth  of  tha  truly  monophjodont  OraTupna  (Orca  DnpensU}.      (Theae 
four  figures  are  copied  from  Prof.  Flower's  paper). 

■  (*}  See,  for  a.  more  detailed  account  of  the  milk  dentition  of  Mbt- 
Bnpiala,  the  chapter  relating  to  tliem. 
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do  service  for  some  time ;  in  the  bear  the  milk  teeth  are 
relatively  smaller,  and  are  shed  very  early ;  in  the  seal  the 
milk  teeth  are  rudimentary,  functionless,  and  are  absorbed 
before  birth,  so  that  iu  the  specimen  figured  the  milk  incisors 
had  already  disappeared  (aee  Fig.  136). 

In  the  elephant  seal  the  milk  teeth  are  yet  more  rudi- 
mentary, and  the  difference  between  its  dentition  and  that 
of  the  monophyodont  homodont  cetacean  (Grampus)  is  not 
great  j  an  observation  which  is  the  more  interesting,  inas- 
much aa  this  seal  in  other  characters  than  its  teeth  ap- 
proaches towards  the  cetacean  group.  From  these  facta, 
which  are  well  indicated  in  the  accompanying  figures,  Pro- 
fessor Flower  argues  that  the  permunent  set  of  teeth  of 
diphyodonta  correspond  to  the  single  set  of  monophyodonts, 
so  that  the  milk  dentition,  when  it  exiata  at  all,  is  some- 
thing superadded. 

Whether  this  be  so  is  a  question  difficult  to  determine ; 
from  the  facta  advanced  by  Professor  Flower,  while  they 
stood  alone,  most  people  would,  with  little  hesitation,  concur 
with  his  conclusion,  and  this  interpretation  is  endorsed  by 
Mr.  Oldfield  Thomas,  but  the  history  of  the  development  of 
the  teeth  interposes  a  difficulty. 

The  tooth  germ  of  the  milk  tooth  ia  firat  formed,  and  the 
tooth  germ  of  the  permanent  tooth  is  derived  from  a  portion 
(the  neck  of  the  enamel  germ)  of  the  formative  organ  of  the 
milk  tooth  (see  Fig.  68).  Again,  in  most  of  those  animals 
in  which  there  is  an  endleaa  succession  of  teeth,  such  as  the 
snake,  the  newt,  or  the  shark,  each  successive  tooth  germ  is 
derived  from  a  similar  part  of  its  predecessor,  tho  natural 
inference  from  which  would  be  that  the  permanent  set, 
being  derived  from  the  other,  was  the  thing  added  in  the 
diphyodonta. 

The  question  cannot  be  finally  settled  until  we  know  more 
of  the  development  of  the  teeth  of  the  monophyodont  Cetacea: 
thus  it  might  turn  out  that  in  them  also  there  are  abortive 
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germs  of  miUc  teeth  formed,  which  do  not  go  on  so  far  as 
calcification,  but  which  do  bud  off,  as  it  were,  germe  for  per- 
manent teeth;  if  such  should  prove  to  be  the  case,  this 
would  bring  their  teeth  into  close  correspondence  with  those 
of  the  elephant  seal. 

The  iuvestigatjon  of  these  questions  is  further  complicated 
by  the  fact  that  there  are  quite  numerous  instances  of  "  per- 
manent "  teeth,  that  ia  teeth  unquestionably  belonging  to 
the  second  set,  which  are  shod  off  early,  and  do  not  remain 
in  place  through  the  lifetime  of  the  animal ;  an  example  of 
this  is  to  be  found  in  the  Wart  Hog  (Phacoehienis),  which 
loses  successively  all  its  premolars  and  the  first  and  second 
true  molars,  the  last  true  molar  alone  being  truly  per- 
sistent. 

In  the  Ornithorhyncus  we  have  an  example  of  the  loss  of 
teeth,  which  doubtless  in  some  ancestral  form  were  both 
more  numerotis  and  more  persiatentj  and  the  Cyclostomatoua 
fish  (see  page  22S)  appear  also  to  be  instances  of  degradation 
in  this  respiect.  So  also  the  seal  would  appear  to  be  in  the 
state  of  having  really  lost  its  milk  dentition  :  indeed,  it  ia 
difficult  to  understand  how  upon  the  evolution  hypothesis, 
the  earlier  stages  of  the  introduction  of  a  milk  dentition 
could  be  preserved  and  intensified,  for  they  could  have  been 
of  no  use  to  their  possessors. 

It  is  a  possible  hypothesis  that  the  normal  mammalian 
condition  is  Diphyodont,  and  that  the  Mouophyodonts  have 
arrived  at  the  stage  of  having  wholly  lost  their  milk  den- 
titions, whilst  in  others  it  has  lingered  on,  as  in  Tatusia 
peba  in  full  strength,  oi  as  in  the  seal,  in  feeble  rudiments. 

There  ia  a  reason,  or  some  show  of  a  reason,  for  the  suc- 
cession taking  place  as  far  back  as  the  premolars,  and  the  molars 
being  exempt  from  change,  which  so  far  as  I  know,  has  not 
been  noticed  by  any  of  the  many  writers  upon  the  subject. 
In  all  mammals  the  whole  length  of  the  jaw,  at  the  time  of 
birth  and  afterwards,  is  occupied  by  tooth  germs  and  after- 
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wards  by  teeth  ;  it  is  well  iiBoertaiiiGd  that  the  manner  of 
growth  ill  the  jaw  is  by  backward  elongiition,  and  that  that 
portion  which  ia  occupied  by  the  molars  actually  does  not 
esist  at  the  time  of  birth.  Tooth  change  might  therefore  be 
expected  to  be  limited,  aa  in  fact  it  is,  to  that  portion  of  the 
jaws  which  exists  early,  while  tbe  animal  ia  small ;  milk 
teeth  could  not  exist  in  the  molar  region,  because  during 
their  reign  the  molar  region  itself  doea  not  exist, 

Oacar  Schmidt  suggests  that  the  origin  of  milk  teeth  can 
be  traced  back  to  the  ahortening  of  the  facial  region,  which 
gave  no  room  for  tbe  full  number  of  tooth  germa  to  lie 
side  by  side ;  the  reault  of  this  crowding  being  that  they 
came  to  lie  one  upon  the  top  of  another,  and  the  teeth  lying 
nearest  to  the  surface,  having  to  be  used  first,  get  developed 
first. 

The  milk  teeth  are  thus  placed  at  a  disadvantage  owing 
to  the  hostile  position  of  their  successors,  and  according  to 
this  view,  the  Marsupials  and  seals  would  have  once 
possessed,  but  have  now  lost  their  milk  teeth. 
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CHAPTEU    IX. 

THE    TEETH    OF    EDENTATA,     CETACGA,     AND    SIRESIA. 
THE    TEETH    OP    EDENTATA    (BkUTa). 

Sloths,  Armadillos,  Ant-eaters. 

The  term  Edentata  wob  applied  to  the  animals  of  tiiis 
order  to  indicate  the  abseuce  of  iucisora  {teeth  iu  the  inter- 
maxillary bone)  ;  though  thia  is  tnie  of  moat  ot  them,  a  few 
have  Bome  upper  incisora,  but  the  central  incisors  are  in  all 
cases  wanting. 

Some  of  them  are  quite  edentulous ;  this  is  the  case  in 
the  Mutica,  or  South  American  Ant-eaters  (Myrmecophaga 
and  Cyclothunia),  in  which  the  excessively  elongated  jaws 
cannot  be  separated  to  any  considerable  estent,  the  mouth 
being  a  small  slit  at  the  end  of  the  elongated  muzzle. 
Food  ia  taken  in  by  the  protrusion  of  an  eicetisively  long, 
whip-like  tongue,  which  is  covered  by  the  viscid  secretion 
of  the  great  sub-maiillary  glands,  and  is  wielded  with  much 
dexterity.    The  Mania,  or  Scaly  Ant-eater  is  also  edentulous. 

The  Edentata  belong  to  the  monophyodont  or  homodont 
section  of  Mammalia  ;  but,  in  some,  certain  teeth  are  more 
largely  developed  than  others,  so  that  we  have  teeth  which 
might  be  termed  canines ;  and  it  has  already  been  mentioned 
that  one  armadillo,  at  all  events,  is  diphyodont. 

The  teeth  are  of  simple  form,  and  do  not  in  any  marked 
degree  difl'er  in  the  diiTerent  parts  of  the  mouth,  except  only 
by  their  size  (to  this  the  canine-like  tooth  of  the  two-toed 
sloth  is  an  exception).     They  are  all  of  persistent  growth, 
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autl  therefore  no  ilivisiou  of  parts  into  orown,  neck,  mid  root 
IB  poHsiblo  ;  they  eousiat  generally  of  dentine  and  cement, 
with  Bometimea  the  addition  of  vaao-dentioe,  into  which 
latter  tissue  the  centra!  aiia  of  the  pulp  ia  concerted  ;  while 
in  some  membera  of  the  order  other  peculiarities  of  structure 
exist :  thus  in  the  Orj-cteropus  {Cape  Ant-eater),  dentine 
like  that  of  Myliobatea  is  found;  and  in  the  Megatherium 
hard  dentine,  a  peculiar  vaso-dentine,  and  richly  vascular 
cementum  co-esist  ("see  Fig.  44). 

I  am  not  aware  that  enamel  has  been  seen  upon  the  teeth 
of  any  Edentate  animal,  but  I  found  some  years  ago  that 
the  tooth  germs  of  the  nine-bauded  armadillo  were  provided 
with  enamel  organs;  this,  however,  proves  nothing,  for 
(PhiloB.  Trans.,  1876)  I  believe  the  presence  of  enamel 
organs  to  be  universal  and  quite  independent  of  any  after 
formation  of  enamel. 

The  teeth  of  the  nine-banded  armadillo  (T,  peba),  wiU 
serve  to  illustrate  the  character  of  the  dentition  of  the 
class.  They  ore  seven  in  number  on  each  side  of  the  jaw,  of 
roundish  form  on  section,  and  those  of  the  upper  and  lower 
jaws  alternate,  so  that  by  wear  they  come  to  terminate  in 
wedge-shaped  grinding  surfaces :  before  they  are  at  all  worn 
they  are  bilobed,  as  may  be  seen  in  sections  of  the  tooth-germs. 

In  the  accompanying  figure  the  milk  teeth  are  represented, 
and  beneath  them  their  permanent  successors ;  the  divari- 
cated bases  of  the  milk  teeth  are  due  to  the  absorption  set 
up  by  the  approach  of  their  successors,  and  not  to  the 
formation  of  any  definite  roots,  Successional  teeth  have 
been  detected  in  this  armadillo  only  (eicopt  also  in  T. 
kappleri,  which  is  perhaps  a  raere  variety);  but  material 
does  not  exist  in  our  museums  which  would  enable  us  to 
positively  deny  their  occurrence  in  other  forms. 

Professor  Flower  baa  failed  to  discover  any  succession  of 
teeth  in  the  sloths,  and  I  have  myself,  through  the  kindness  of 
the  late  Professor  Garrod,  examined  microscopically  the  jawa 
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of  a  foetal  CholoepuB,  ia  wliich  tho  teeth  were  but  little 
calcified,  and  failed  to  detect  any  indication  of  a  second  set 
of  tooth-gcrmB.  The  probability  is,  therefore,  that  they  are 
truly  Monophjodont. 

In  the  armadillos  the  teeth  ore  always  of  simple  form  and 
about  thirty-two  in  mimber,  escept  in  Priodon,  which  has  aa 
many  as  a  hundrad  teeth,  a  number  altogether  exceptional 
among  mammals. 

Slotba  have  fewer  teeth  than  armadillos,  and  these  softer 
in  character,  the  axis  of  vaso-dentino  entering  more  largely 
into  their  composition,  and  forming  as  much  as  half  the  bulk 
of  the  tooth. 


The  two-toed  Sloth  has  j  teeth  in  each  jaw, 


and  these  are 


nrerly  cylindrical  in  section  and  of  persistent  growth.  In 
the  region  of  the  canine  tooth  is  a  tooth  which  is  of  larger 
size  than  the  rest. 

The  Orycteropus,  or  Cape  Ant-eater,  the  peculiarities  of 
whose  teeth  have  already  been  alluded  to,  has  about  thirty- 
six  teeth  in  all ;  but  these  are  not  all  in  place  at  one  time, 
the  smaller  anterior  teeth  being  shed  before  the  back  teeth 
are  in  place. 

The  true  Ant-eaters  are  all  edentulous.  The  teeth  of 
some  of  the  gigantic  extinct  Edenta,tea  were  a  little  more 
comples  in  form  and  structure  ;  thus  the  teeth  of  the 
Glyptodon  were  divided  by  longitudinal  grooves,  which  in 

(')  Lowar  jaw  of  a  young  Armiidillo  (Tsti^sia  peba),  showing  the  milk- 
teeth  ((()  in  place,  and  their  Bnccesaors  (6)  beneath  them.  From  a 
gpecimen  in  the  MuEeum  of  the  Royal  Collejje  of  Surgeons  (after  Flower). 
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section  rendered  it  trilobed;    and  the  teeth  of  the  Megik- 
therimn  were  likewise  marked  by  a  longitudinal  furrow. 

In  their  persistent  growth,  uniformity  of  shape,  and 
absence  from  the  inter-maiillary  bone,  they  strictly  con- 
formed with  the  teeth  of  recent  Edentata. 


THE  TEETH  OF   CETACEA. 

This  order  is  divided  into  two  groups,,  namely  the  toothed 
whales  or  Odontoceti  and  the  whalebone  whales  or  Myati- 
coceti ;  these  two  groups  are  sharply  defined  from  one  another. 

No  cetacean  is  known  to  develop  more  than  one  set  of 
teeth,  and  these,  when  present  in  any  considerable  numbers, 
closely  resemble  one  another  in  form. 

The  teeth,  however,  of  the  extinct  Zenglodon  and  Squalo- 
don  which  have  about  361  teeth  are  heterodont  in  chnraoter. 

They  are  usually  composed  of  hard  dentine,  with  an  in- 
vestment of  cement ;  after  the  attainment  of  the  full  dimen- 
sions of  the  teeth  what  remains  of  the  pulp  is  very  commonly 
converted  into  secondary  dentine ;  tips,  and  even  entire 
investments  of  enamel,  are  met  with  in  many  of  the  order. 

The  dentine  of  many  Cetaceans,  e.g.  of  the  sperm  whale, 
is  remarkable  for  the  very  numerous  interglobular  spaces 
which  it  contains;  these  are  clustered  in  concentric  rows, 
BO  as  to  give  rise  to  the  appearance  of  contour  lines.  The 
cement  is  often  of  great  thickness,  and  the  lacunee  in  it  are 
very  abundant ;  its  lamination  is  also  very  distinct. . 

In  the  dolphin  the  teeth  are  very  numerous,  there  being 
about  200;  they  are  slender,  conical,  slightly  curved  in- 
wards, and  sharply  pointed  ;  as  they  interdigitate  with  one 
another  there  is  very  little  wear  upon  the  points,  which 
consequently  remain  quite  sharp.  The  largest  teeth  are 
those  situated  about  the  middle  of  the  dental  series. 

Many  variations  in  the  number  and  form  of  the    teeth 
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are  met  with  ;   the  porpoise  has  not  more   than  half  the 

number  of  tcoth  poaaessed  by  the  dolphin,  while  the  gram- 

piiH  has  still  fewer.     The    teeth    of  the   grampus  become 

down    ou   their   opposed    surfaces,   and   coincidently 


with   their  wearing  away  the  pulps   become  caluifii 
the  Oxford  miuseum  there  is  a  grampus  in  which,  oi 


a.  distortion  of  the  lower  jaw,  the  teeth,  instead  of  inter- 
digitating,  became  exactly  opposed  to  one  another;  the 
consequence  of  this  was  that  the  rate  of  wear  was  greatly 
increased,  and  the  pulp  cavities  were  opened  before  the 
obliteration  of  the  pulp  by  calcification  ('),  bo  that  the  pulps 
died  and  abscesses  around  the  teoth  had  resulted. 

In  the  sperm  whale  the  teeth  are  numerous  in  the  lower 
jaw,  but   in   the  upper  jaw  there  are  only  a  few  curved, 

(']  JawB  of  a  commoD  Dalphin. 

(=J  Teeth  of  n[)i.eT  jaw  of  a.  Grampus  (Orca),  (after  Professor  Flower). 
(')  Trans.  Odoiitd.  Society,  1873.      When  I  publiahad  thia  pap«r  I  was 
not  aware  that  Eschriclit  had  pvevioualj  published  a  Bimilar  obeervation. 
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Btunted  teeth,  which  remain  buried  in  the  dense  gum. 
teeth  of  the  lower  jaw  are  retained  in  shallow  and  wide  de- 
pressions of  the  bone  by  a  dense  ligamentous  gum,  which, 
when  stripped  away,  carries  the  teeth  with  it.  Erery  inter- 
mediate' stage  between  this  slight  implantation  and  the 
well-developed  atout  sockets  of  the  grampus,  ia  met  with  in 
the  Cetacea. 

In  the  bottle-nosed  whale  (Hyperoodon  bidena)  the  only 
large  teeth  present  are  two  conical,  enamel-tippeil  teeth  (some- 
times four)  which  remain  more  or  leas  completely  embedded 
within  the  gum,  near  to  the  front  of  the  lower  jaw:  in 
addition  to  these  there  are  12  or  13  very  small  rudimentary 
teeth  loose  in  the  gums  of  both  jaws.    (Kschricht,  Lacep^e.) 

The  Ziphoid  cetaceans  present  one  of  the  most  curiotia 
and  inexplicable  dentitions  to  be  found  in  any  animal.  The 
upper  jaws  are  edentulous,  as  in  the  Hyperoodon,  and  the 
lower  jaws  contain  only  a  single  tooth  upon  each  side  ;  but 
these  teeth  have  attained  to  gi'eat  proportions,  measuring  in 
Full-grown  specimens  as  much  as  ten  inches  in  length  ;  they 
are  Uiin,  flat,  and  strap-shaped,  straight  for  some  considerable 
part  of  their  length,  and  then  curving  over  towards  each 
other ;  they  even  cross  each  other  above  the  upper  jaw  ho 
that  they  actually  limit,  and  that  to  a  vety  small  amount, 
the  extent  to  which  the  jaws  can  be  opened. 

It  is  not  merely  difficult  to  see  what  use  these  teeth  can 
be,  but  it  is  hard  to  suppose  that  they  can  be  otherwise  than 
actually  detrimental  to  their  possessors  in  the  pursuit  of 
food  ;  but  there  is  some  reason  to  suppose  that  the  presence 
of  well  developed  tuska  is  a  character  of  the  male  sex,  though 
upon  this  point  the  evidence  is  not  quite  complete.  Females 
have  been  found  with  their  skins  curiously  scored  in  two 
parallel  lines,  especially  near  the  pudenda,  suggesting  the 
idea  that  they  are  liable  to  be  attacked  by  the  males. 

The  structure  of  these  teeth  is  not  less  peculiar  than 
their  general  form  ;  the  summit  of  the  tooth,  which  starts 
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off  nearly  at  right  angles  to  the  Bhaft  (and  so,  the  shaft  beiag 
curved  over  the  top  of  tlie  upper  jaw,  i!omes  to  stand  nearly 
TBrticaliy)  consists  of  a  denticle  hluntly  pointed,  and 
made  up  of  dentine  coated  with  enameL  This  denticle  of 
triangular  shape  ia  only  about  a  third  of  an  inch  in  length, 
and  in  the  adult  specimen  described  l>y  Professor  Sir  Wm. 
Turner  had  the  enamel  coat  partially  worn  off. 

In  the  Challenger  Reports  {Zoology,  vol.  i.)  he  says,  "  In 
the  earlier  stage  their  structure  does  not  differ  materially 
from  the  ordinary  type  of  tooth  one  meets  with,  say  in  the 
human  or  camivorousjaw,  the  crown  being  formed  by  enamel, 
the  fang  by  cement,  whilst  the  great  body  of  the  tooth  con- 
siata  of  dentine,  in  which  is  a  marked  pulp  cavity,  com- 
mnnicating  with  the  exterior  by  a  alit-like  apertnre  at  the 
root  of  the  fang.  The  exceptional  character  these  teeth 
exhibit  in  the  erupted  cooditioii  is  due  to  the  disappearance 
of  the  enamel  from  the  crown,  to  the  cessation  in  the  de- 
velopment of  the  ordinary  dentine,  to  the  excessive  formation 
of  oateodentine,  of  modified  vasodentine,  and  of  cement,  by 
means  of  which  the  pulp  cavity  becomes  almost  obliterated, 
and  the  fang  assumes  dimensions  which,  in  the  case  of 
Mesoplodon  Layardii,  lead  to  the  production  of  a  tooth  having 
the  very  remarkable  form  and  relation  to  the  beak  which  I 
have  described." 

As  may  be  gathered  fivm  the  above,  the  development  of 
the  tooth  starts  by  the  formation  of  the  denticle,  which  ia 
of  an  ordinary  structure ;  the  enamel  however  soon  ceaaea 
to  be  formed,  and  but  very  little  further  down,  so  docs  the 
true  dentine,  not  however  before  oementum  has  begim  to  be 
formed  upon  its  exterior  (see  c  in  fig.  on  next  page).  Then 
there  comea  an  abrupt  change  in  direction,  and  in  the 
place  of  true  dentine  we  find  a  coarser  textured  tissue  which 
contains  large  vascular  canals. 

This  Professor  Turner  and  Professor  Lankeater  regard  as 
a  vasodentine,  seeing  tliat  it  is  in  all  probability  a  product 
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of  the  dentine  pulp.  Of  tbia  the  great  mass  of  the  tooth 
uoDsiats,  but  it  bus  throughout  its  length  an  investment  of 
cementum  of  an  ordinary  type,  which  forcoa  a  complete 
exterior  layer  laminated,  full  of  lacunse,  and  for  the  most 
part  devoid  of  Haversian  canals. 

y  beneath  this  layer  there  in,  if  the  distiuotiim 


Fro.  142  ('). 


[  the  drawing,  a  definite  stratum  5 
tissue  of  material  thickness  which  is  charaoterised  by  i 
abundance  of  vascuhir  canals  arranged  perpendicidarly  to 
the  surface  (a  in  fig.  142j,  which  is  regarded  by  Professor 
Turner  as  belonging  to  the  dentine  group  of  tisane,  i.e.  as 
being  a  vasodentine.  But  there  is  this  difBoulty  in  accept- 
ing this  view,  viz.,  that  near  to  the  denticle  it  is  seen  to  lie 
distinctly  outside  the  true  fine-tubed  dentine  (see  tig,  142) 
which  it  overlaps  to  a  considerable  estent ;  now  if  this 
tissue  was  formed  by  the  dentine  pulp  we  have  the  anomaly 
of  a  pulp  first  forming  a  very  vascular  vasodentine,  then 
changing  to  forming  a  fine  tubed  normal  dentine  (which  is 

(')  Ujiper  part  of  tooth  of  Meaoplodon,  after  Professor  Sir  W.  Tamer. 
a,  Tisaueaf  tlDiibtfal  origin,  penaeatcd  by  vascnlar  canak  ;  c,  iKmeattiw^H 
(f,  lUntine  ;  c,  enamel  ;  )',  vattoiientine.  ^^H 
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exactly  the  reverse  of  what  is  met  with  in  otl  t  n 

whicli  the  jmlp  forms  these  two  Btructures),       d  h     Uy 
verting  to  the  building  up  of  a  vasodentine. 

Judging  by  analogy  thia  aeema  so  iniprobabl  tb  t  n  th 
absence  of  more  positive  knowledge  and  simply  j  df,  ng  fr  m 
the  figure,  I  should  be  inclined  to  refer  th     1  t    th 

cementuin.  Lowerdown  in  the  shaftof  thetootb      nat  m 
take  place  between  the  tubes  of  thia  layer  ai  d  th  se    f  th 
unquestionable   pulp   products,    but    anostom  It       n 

deutine  tubes  and  enamel  tubes,  and  betwee    d     t       t  b 
aud  cement  lacuna)   are  of  common  occurrence  in  many 
animals,  so  that  this  communication  does  not  prove  anything 
as  to  their  respective  origin. 

However  Professor  Lankester  lays  Btreaa  upon  the  globular 
botyroidal  structure  of  this  layer,  which  be  states  shades 
off  iuto  the  fine  tubed  dentine,  so  that  it  may  perhaps  be 
regarded  as  an  excessive  development  of  the  globular  layer  of 
dentine,  rather  than  as  a  vaacidentiue.  In  reconciliation  of 
the  discrepancy  betweea  the  two  descriptions,  it  is  suggested 
by  Professor  Turner  that  the  vascular  canals  seen  by  him  in 
this  layer  may  have  become  obliterated  in  the  presumably 
much  older  specimen  described  by  Professor  Jjankester, 

The  central  pulp  cavity  becomes  reduced  to  the  merest 
traces,  so  that  the  completed  tooth  is  almost  solid. 

In  the  Narwal  (Monodon  monoceros)  two  teeth  alone  per- 
aist,  and  these  are  in  the  upper  jaw.  In  the  female  the 
dental  germs  become  calcified,  and  attain  to  a  length  of 
about  eight  inches,  but  they  remain  enclosed  within  the 
substance  of  the  bone,  and  their  pulp  cavities  speedily  fill 
up.  In  the  male,  one  tusk  (in  some  very  rare  inatanoes 
both)  continues  to  grow  from  a  persistent  pulp  till  it 
attains  to  a  length  of  ten  or  twelve  feetj  and  a  diameter  of 
three  or  four  inches  at  its  base.  This  tusk  (the  left)  is 
quite  straight,  but  is  marked  by  spiral  grooves,  winding 
from  right  to  left.     It  is  curious  tliat  in  one  of  the  epeci- 
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mens,  in  which  the  two  tusks  had  attained  to  equal  and 
considerable  length,  the  spirals  on  the  two  wound  iu  the 
same  direction  ;  that  is  to  say,  as  regards  the  sides  of  the 
bead,  the  spirals  were  not  symmetrical  with  one  another. 

The  tusk  of  the  male  narwal  may  fairly  be  assumed  to 
serve  as  a  sexual  weapon,  but  little  is  kuowu  of  the  habits 
of  the  animal. 

Professor  Sir  Wm.  Turner  has  lately  noted  the  occur- 
rence of  two  stunted  incisor  rudiments  in  a  fcetal  narwal : 
these  obviously  represent  a  second  pair  of  incisors,  and  attain 
to  a  length  of  half  an  inch,  but  are  irregular  in  form  ;  they 
are  situated  a  little  behind  the  pair  of  teeth  which  iittain  to 
more  considerable  dimensions.  All  trace  of  this  second  pair 
of  incisors  is  lost  in  adult  skulls. 

The  whalebone  whales  are,  in  the  adult  condition,  des- 
titute of  teeth,  but  prior  to  birth  the  margins  of  both  u])per 
and  lower  jaws  are  covered  with  a  series  of  nearly  globuhir 
rudimeutary  teeth,  which  become  calcified,  but  are  speedily 
shed,  or,  rather,  absorbed. 

The  fcetal  teeth  of  the  Balienoptera  rostrata  have  been 
carefully  described  by  M.  Julin  (Arehivn  de  Biologie,  1880), 
the  BalcetiopUridaf  having  been  previously  supposed  to  ba  ■ 
without  rudimentary  teeth.     The  ramus  contained  41  t 
germs,  each  furnished  with  an  enamel  organ  and  ( 
bulb,  with  a  slight  capsule ;  these  were  lodged  i 
tinuouH  groove  in  the  bone   above  the   vessels,  thus  : 
calling  the  condition  of  the  parts  in   a  human  embryo  a 
certain  stage.     A  very  small  amount  of  calcification  tal 
place,  a  mere  film  of  dentine  being  formed  upon  the  dentitu 
bulb.     But  what  is  very  remarkable  is  that  the  dentine  bulbc 
are  simple  near  the  front,  bifid  in  the  middle,  and  trifid  a 
the  back  of  the  mouth ;  in  other  words,  these  tooth-gensffil 
would  go  to  form  heterodont  teeth,  not  unlike  those  of  Bomel 
seals,  or  of  Squalodon.     Hence  it  has  been  suggested  thaba 
the  whale  mav  be  descended  from  some  such  ancestral  P 
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From  the  upper  jaw  of  an  adult  wiialebone  whale  there 
hang  down  a  aeriea  of  plates  of  baleen,  placed  transversely  to 
the  axis  of  the  mouth,  but  nut  exactly  at  right  angles  to  it. 


The  principal  plates  do  not  extend  across  the  whole  width  of 
the  palate,  but  its  median  portion  is  occnpied  by  snbsidiaiy 
smaller  plates.  The  whalebone  plates  are  frayed  out  at  their 
edges  and  collectively  form  a  concave  roof  to  the  mouth, 

I')  CrBniam  of  Xarwal  (Mouodon  umnDcero*).  a.  Stunted  tooth,  with 
iti  bual  pulp-cavity  obliterated.  h.  Long  tusk.  The  amnll  figure, 
giiiog  tbe  whole  length  oE  the  tusk,  ahowB  the  proportion  which  it  bears 
to  the  rest  of  tbe  Bkull. 
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against  which  the  large  tongue  fits,  so  as  to  sweep  fix>m  the 
fringes  whatever  they  may  have  entangled.  The  whale  in 
feeding  takes  in  enormous  mouthfuls  of  water  containing 
small  marine  moUusca,  this  is  strained  through  the  baleen 
plates,  which  retain  the  Pteropods  and  other  small  creatures, 
while  the  water  is  expelled.  Then  the  tongue  sweeps  the 
entangled  food  from  the  fringe  of  the  baleen  plates,  and  it 
is  swallowed.  Each  plate  consists  of  two  dense  but  rather 
brittle  laminae,  w^hich  enclose  between  them  a  tissue 
composed  of  bodies  analogous  to  coarse  hairs.  By  the  pro- 
cess of  wear  the  brittle  containing  laminae  break  away, 
leaving  projecting  from  the  edge  the  more  elastic  central 
tissue  in  the  form  of  stiif  hairs. 

Each  plate  is  developed  from  a  vascular  persistent  pulp, 
which  sends  out  an  immense  number  of  exceedingly  long 
thread-like  processes,  which  penetrate  far  into  the  hard 
substance  of  the  plate.  Each  hair-like  fibre  has  within  its 
base  a  vascular  filament  or  papillse :  in  fact,  each  fibre  \& 
nothing  more  than  an  accumulation  of  epidermic  cells,  con- 
centrically arranged  around  a  vascular  papilla,  the  latter 
being  enormously  elongated.  The  baleen  plate  is  composed 
mainly  of  these  fibres,  which  constitute  the  hairs  of  its  frayed- 
out  edge,  but  in  addition  to  this  there  are  layers  of  flat  cells 
binding  the  whole  together,  and  constituting  the  outer  or 
lamellar  portion.  As  has  been  pointed  out  by  Prof.  Sir  Wm. 
Turner  (Proc.  Key.  Soc.  Edinburgh,  1870),  the  whalebone 
matrix  having  been  produced  by  the  comification  of  the 
epithelial  coverings  of  its  various  groups  of  papiUse,  is  an 
epithelial  or  epiblastic  structure,  and  morphologically  corre- 
sponds not  with  the  dentine,  but  with  the  enamel  of  a  tooth. 

The  whole  whalebone  plate  and  the  vascular  ridges  and 
papilla)  which  form  it  may  be  compared  to  the  strong  ridges 
upon  the  palates  of  certain  Herbivora,  an  analogy  which  Is 
strengthened  by  the  study  of  the  mouth  of  young  whales 
prior  to  the  comification  of  the  whalebone; 
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THE  TEETH   OF  tJIRENIA, 


More  nearly  connected  with  the  Ungulata  than  witji  (itiy 
other  order,  but  stiU  rather  widely  removed  from  them,  atonds 
the  limited  order  of  Sirenin,  aquatic  mammals  formerly 
termed  HerbiToroua  (.)etacea,  a  term  rather  oh jeutio liable, 
as  they  are  not  very  nearly  allied  to  the  true  Cetaceu. 

The  order  is  now  represented  by  two  genorn  only,  the 
Dugonga  (Halitore)  and  the  Miinatees  (Matiatiia),  but  ii 
third  genuB  (Rhytiua)  haa  only  become  eitinct  within  alwut 
a  century.  Their  toeth,  and  other  points  in  their  organiza- 
tion indicate  that  they  are  more  nearly  allied  to  the  Ungu- 
lata  than  to  any  other  group,  though  their  peculiarities  are 
such  as  to  elevate  them  to  the  rank  of  a  distinct  order.  They 
are  of  large  size,  and  frequent  shallow  water,  such  as  the 
mouths  of  great  rivers,  their  food  consisting  of  sea-wccd 
and  aquatic  plants.  Their  incisors  and  molan  when  Iwth 
are  present  are  widely  separated,  and  the  fonner  vary  from 
being  quite  rudimentary  to  forming  formidable  tusks. 

The  dentition  of  the  Dugong  is  in  several  respectN  a  very 
interesting  one  :  the  front  part  of  tlie  upper  jaw,  consisting 
in  the  main  of  the  interniaiillary  bones,  bends  aliruptly 
downwards,  forming  an  angle  with  the  rest  of  the  jaw. 
This  deflected  end  of  the  jaw  carries  two  tuskx,  of  eoch  of 
which  the  greater  part  is  buried  within  the  alveolus.  The 
tnsk  bae  au  investment  of  enamel  over  its  front  and  lidM, 
Imt  on  the  posterior  surface  of  cementum  only,  so  that  in 
the  disposition  of  the  three  structures  it  recalls  the  cbanu> 
teristius  of  a  Kodent  incisor,  like  which  it  is  worn  away 
obliquely  so  as  to  keep  a  constantly  sharp  edge,  and  like 
vbich  it  grows  from  a  persistent  jrulp. 

In  the  female,  the  tusks  (incisors)  do  not  project  from  tbe 
^tun,  their  pulp  cavities  are  clmed,  and  die  iRvestment  <A 
enamel  is  complete  over  the  top  of  the  tooUi. 

The  ilopisg  suila£«  of  the  apper  jaw  is  oppcaed  liy  the 
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region  of  the  BymphysiB  of  the  lower  jaw,  which  is  of  un- 
usual depth.  In  this  deflected  part  of  the  lower  jaw  there 
arc  eight,  or  teu  (four  or  tive  on  each  side)  shallow  and 
rather  in-egularly-ahaped  aockets,  in  which  curved  distorted 


teeth  may  be  found  in  a  fresh  specimen,  but  it  must  not 
be  from  too  aged  an  animal,  as  they  cveDtunlly  become  eaten 
away  by  a  process  of  absorption. 

These    abortive   teeth    are    esoellent   examples 
mentary  teeth,  an  not  only  are   they   atnnted,   and   i 
ultimately  removed  by  absorption,  but  they  t 
covered  in  by  a  dense  horny  plate  which  clothes  this  | 
of  the  jaw,  and  ho  are  absolutely  functionless. 


C)  Side  view  of  crnnium  and  lower  jaw  of  it  Dagong  (Halicon  IndiGBR). 
From  a  specinieD  in  the  Museam  of  tfae  Itoynl  College  of  Surgeong.  The 
surface  of  the  cleflei;tej  portion  cf  the  lower  jaw,  with  its  BocketB  for 
rudimentajy  leotli,  elioivn  both  in  front  and  in  profile  view,  is  iadicatedb] 
^0  letter  a ;  the  oorrpaponding  surfrtce  of  the  npper  jaw  l.y  the  letter  6, 


a  eaten  j 

'  rudij^H 
1   ev^^^l 

8.    The 

Iteta  for  i 

catedbr'^^^J 

teri.     ^^^1 
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B  These  homy  plates,  iu  their  Btructure  analogous  to  whale- 
■  bone,  are  poaseaaed  also  by  the  Manatee  and  Uhytina  ;  on 
f  the  free  surface  they  are  besot  with  stifT  briatlea,  and  are 
|i  thi'oughout  buiit  up  of  hair-like  bodies  welded  together  by 
I,      epithelium. 

'  Behind  the  region  covered  in  by  the  homy  plates,  the 

Dugong  has  &ve  molar  teeth  oq  each  side,  of  simple  form, 
like  those  of  the  Edentata,  and  coiiHiatiog  of  dentine  and 
cementum  only. 
P  By  the  time  the  last  molar  ia  ready  to  ctirae  into  place, 

the  first  of  the  aeries  is  being  removed  by  absorption  of  its 
root  and  of  its  socket.  In  aged  Hpecimeus  only  two  molars 
remain  on  each  side  of  the  jaws.  Before  they  are  worn  they 
have  tuberculated  crowns  and  they  are  of  semi-peraistent 
growth. 

The  Dugong  is  also  peculiar  as  having  a  single  deciduous 
tooth  :  namely,  a  predecessor  to  the  incisive  tusks  ;  but  it 
has  been  doubted  whether  it  be  not  rather  a,  rudimentary 
incisor  than  a  milk  tooth. 

The  molar  teeth  of  thp  Manatee  are  much  more  nume- 
rous and  more  complex  in  form,  and  they  approach  to  the 
configuration  of  the  teeth  of  the  Tapir  very  closely. 

The    Manatee  has  as  many  as  forty-four  molars,  which 

are  not,  however,  all  in  place  at  one  time,  the  anterior  oues 

being  shed  before  the  posterior  are  come  into  place ;   no 

vertical  auccesalou  is  known  to  take  place  amongst  them. 

2 

The  Manatee  has  i  ^z ,  but  they  are  rudimentary,  and  are 

buried  in  the  homy  plates  which  should  occupy  the  front  of 
the  mouth.  Gervais  {Hist.  Nat.  des  Mammifferes,  vol,  ii.)  gives 
a  larger  number  of  rudimentary  teeth,  as  many  as  twelve. 

It  has  been  mentioned  that  the  teeth  of  the  Manatee  are 
tapiroid  in  external  form ;  they  also  possess  peculiarities  iu 
minute  structure,  which  are  unusual  in  mammalian  teeth,  but 
which  arc  common  to  them  and  to  the  Tapirs.    In  examining 
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{  d  th  t  the  dentine,  to  all  intents  und  pur- 
h  d  n  aacular  variety,  waa  permeated  by  a 
y  cular"  canals,  which  were  arranged 

with  mucl  gular  ty  and  passed  out  from  the  pulp  cavity  to 
the  periphciy  of  the  dentine,  where  they  communicated  with 
one  another.  The  dentiaal  tubes  did  not  radiate  from,  these 
vascular  caoala  ;  they,  bo  to  speak,  take  no  notice  of  them,  so 
that  there  ia  an  ordinary  unvaacular  dentine  with  a  system 
of  oapillarj'-conveying  channels  inside  it.  It  is  intereeting 
to  find  that  the  prinid  fads  eitemal  resemblance  of  the 
teeth  to  those  of  the  Tapir  ia  fully  borne  out  by  minute  his- 
tologieiJ  structure,  and  it  certainly  suggests  that  the  resem- 
blance is  not  accidental,  but  has  some  deeper  significance. 

The  enamel  of  the  Manatee  ia  also  somewhat  remarkahle 
for  the  absolute  straightness  of  its  enamel  prisms  in  many 
parts  of  the  tooth. 

The  molar  teeth  of  the  Dugong  consist  of  a  central  axis 
of  vaao-deutine,  a  much  laiger  mass  of  ordinary  unvascular 
dentine,  and  a  thick  layer  of  cementum,  but  they  do  not 
share  the  peculiarities  of  the  Manatee's  tooth. 

The  Manatee  has  a  curious  manner  of  feeding  ;  the  halves 
of  the  upper  lip,  deeply  cleft  in  the  middle,  are  beset  with 
short  stiff  bristles,  and  are  used  to  tuck  things  into  the  mouth ; 
when  these  foil  the  flappers  are  raised  and  need  to  aasiat. 

The  extinct  Rhytina,  a  little  more  than  a  century  ago 
abundant  in  Behring's  Straits,  was  altogether  without  t^eth, 
but  was  furnished  with  dense,  strongly-ridged,  homy  plates. 
Sirenia  were  abundant  in  Miocene  and  Pliocene  seas;  the 
Halitherium  had  molars  somewhat  like  the  Manatee,  but 
had  tusk-like  incisors  in  the  upper  jaw.  No  vertical  suc- 
cosaion  is  knowu  to  take  place  in  any  Sirenian,  though  the  < 
anterior  molars  of  Halitherium  were  deciduous. 


5  TEETH  OF  ISaBCTIVORA  AND   CHIROPTERA. 

The  Inaectivora  form  rather  a  heterogeneous  order  of 
tammals,  and  embrace  very  various  forms.  All  of  them  aru 
of  rather  small  size,  and  some  are  very  small  indeed.  Their 
diet  consists  for  the  most  part  of  insects,  and  their  teeth  are 
generally  adapted  for  this  by  being  furnished  with  many 
points.  The  best  known  animals  in  the  order  are  the 
Hedgehogs,  the  Shrews,  the  Moles,  and  the  Macroscolida) 
(Elephant  mice) ;  to  these  is  to  be  added  the  Cideopitheciis, 
or  "  Flying  Lemur."  Insectivora  are  more  abundant  in 
Africa,  Asia,  and  South  America  than  in  Europe.  The 
Shrews  approximate  m  some  measure  towards  the  Eodeots, 
and  the  Tupaia  is  very  leraiinue  m  its  characters. 

They  all  have  small  brj,mB,  ind  long  faces.  The  Insec- 
tivora are  ancient  and  m  some  respects  rather  generalised 
mammals,  so  that  they  may  be  supposed  not  to  have  diverged 
far  from  the  parent  forms  of  other  mammalia-  ProE  Cope 
has  described  a,  good  many  genera  which  have  been  found  in 
American  Eocene  Strata,  and  some  of  these,  e.r/.,  Mesonyx, 
had  teeth  differentiated  into  incisors,  large  canines,  pre- 
molars and  molars,  but  these  last  two  were  of  simple  form, 
being  in  the  lower  jaw  cones,  with  slight  anterior  aud 
posterior  cusps  added  by  elevations  of  the  cingulum. 

The  iipper  molars  had  crowns  which  were  rendered 
triangular  upon  the  grinding  surface  by  the  development  of 
D  internal  cusp. 

Its  dental  formula  n 
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Of  the  teeth  of  Insectivora  generally  it  may  be  said 
it  would  not  be  difficult  to  imiigiiio  how  the  teeth  of  all 
other  Diphyodoiit  Mainmala  might  he  evolved  from  them, 
whilst  Prof.  Cope  (Proc.  Acad.  Nat.  So.  Philadelphia,  1883, 
and  pasaim ;  see  also  D.  Wortman,  Americ,  System  Dental 
Surgery,  Teeth  of  Vertehrata)  gives  an  admirable  aeries  of 
estiuct  genera  in  which  the  molar  pattema  become  more 
complex,  and  approximate  on  the  one  hand  to  the  sectorial 
teeth  of  Carnivora,  and  on  the  other  to  the  bristling  cusps 
of  modern  Insectivora, 

Galeopithecua  stands  alone  :  it  was  formerly,  and  is  indeed 
aometimea  even  now,  placed  with  the  Lemurs  ;  but  it  has 
much  more  in  common  with  Insectivora,  The  teeth  are 
somewhat  anomalous,  the  lower  incisors  being  divided  by  a 
number  of  vertical  divisions  running  down  through  a  great 
part  of  the  length  of  the  crowns,  so  that  they  can  be 
compared  to  combs,  or  to  hands  with  the  fingers  slightly 
separated.  What  the  purpose  served  by  these  comb-like 
teeth  may  be  remains  uncertain  :  uo  other  animal  ha.s  similar 
teeth.  Galeopithecua  has  a  well  developed  milk  dentition 
the  milk  teeth  being  very  similar  to  their 

The  dental  formula  is 


i«VV 


pm  - 


M 


and  the  second  upper  incisor  and  the  canine  are  two-i 

Excluding  Galeopithecus,  the  others  are  divided  into  two 
groups  by  the  patterns  of  the  molars  ;  the  majority  present 
a  W-pattem  (Tupaia,  Macroseelis,  Erinaceus,  Sores,  Talpa), 
whilst  the  other  group  have  narrower  molars  with  a  V- 
pattem  (Potaomgale,  Centetes,  Chrysochloris). 

The  W-pattern  characterising  the  molars  of  InBectivora; 
well  e.xemplifted  in  the  molar  of  Urotriclms. 


ivo»^ta^ 
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In  this  tootb,  as  has  been  clearly  shown  by  Prof.  MWart 
(Osteology  of  Insectivora,  Joum.  of  Aiiat.,  18B8),  the  four 
cuspa  of  the  typical  teeth  (a,  b,  e,  d)  have  been  added  to 
by  the  eloviitioa  of  the  cingiihiin  into  three  or  four  external, 
and  one  internal  cusp,  making  up  the  total  number  to  nine. 
Thus  it  ia  that  the  molars  of  thia  order  often  fairly  bristle 
■with  cuBps. 

In  the  Mole  the  number  of  cusps  is  diminished  by  the 
coalescence  of  h  and  d  into  a  ridge,  and  the  disappearance  of 


[    the  inner  cusp  of  the  cingulum,  while  the  simpbfication  is 
carried  yet  further  in  the  Cape  Mole  (c  in  Fig.  145). 

The  common  English  Hedgehog  (Erinaceua)  hits  the  dental 
formula 


In  the  upper  jaw  there  is  a  wide  interval  between  the 
first  pair  of  incisors,  which  are  much  the  largest,  and  are 
caniniform  in  shape.  The  next  two  teeth  (incisors)  are 
quite  small,  and  resemble  premolars  in  their  form.  The 
nest  tooth  has  two  roots,  and  a  crown  with  one  cusp,  and  is 

{')  Dpper  molar  teeth  of  (A)  Urotricliua  ;  (B)  Mole ;  Bud  (C)  Chrjao- 
ohloriB.  The  four  principal  cusps  are  lettered  a,  b,  c,  d,  in  each  of  the 
figorea.      In  A.  ihe  cingulum  has  been  eloTuted  so  as  to  form  font  additional 

V       CUBIH  on  the  extei  ior  of  tho  tflotli,  and  one  additional  cusp  on  the  interior. 

n  B  anil  C  ahuw  the  fusion  of  certain  of  these  cusps,  and  the  consequent 
diminution  in  their  niiiuber.      (From  Mivurt.) 
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also  like  the  premolara  behind  it.  This  tooth,  the 
of  whicli  shows  indicatious  of  diviBion,  ia  sometimes  called 
a  canine,  because  it  cornea  next  behind  the  intermaxillary 
aiiture  ;  behind  this  come  two  small  premolars. 

The  fourth  upper  premolar  is  totally  different  in  size  and 
form  from  the  third  :  its  crown  is  large,  squarish,  and 
furnished  with  four  cusps,  of  which  the  antero-estemal  one 
is  far  the  lougest  and  sharpest. 

The   first  upper  true  molar  has  a  square  crown,  upon 


roo^^^ 


which 


I  four  sharp 


implanted  by  four  roota;* 


The  second  true  molar  is  also  sijuaro,  quadricuspid,  and 
has  four  roots  ;  but  it  is  much  smaller  than  the  first,  while 
the  third  upper  true  molar  is  quite  a  small,  compreaBed, 

I     ble       t  d  tooth,  with  a  thin-edged  crown. 

In  th  Ijwer  jajv  the  first  incisors,  less  widely  separated 
th  the  upper,  are  also  the  largest ;  then  follows  another 
tooth  te  u   d  incisor,  ou  account-  of  its  relation  to  the  upper 

n  s  rs  hen  the  mouth  is  closed.  The  third  tooth  ia 
mu  h  la  g  r,  and  of  peculiar  form.  The  fourth  tooth  from 
the  front  s  a  small  single  tooth,  like  the  third,  but  upon  a 
smalle    s  tie.     Next  behind  it,  comes  a  tooth  whicli  ia  very 


(')  Upper. 


^r  teetli  of  the  Kedgebog. 
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much  larger,  and  its  crown  carries  two  principal  cusps  with 
a  (small  subsidiary  cusp.  The  next  tooth  (tirat  true  molar) 
has  an  oblong  crown  beset  with  fire  sharp  cuKpa,  of  which 
four  tire  arranged  at  the  comorB  of  a  square,  while  the  fifth, 
obviously  an  elevation  of  the  cingiUum,  lies  a  little  in  front 
and  towards  the  inside  of  the  tooth.  In  the  second  true 
molar  the  fifth  cusp  is  but  little  indicated,  while  the  last 
true  molar  is  a  dwarfed  tooth  with  but  one  cusp.  Several 
dental  fonnulte  have  been  assigned  to  the  Hedgehog  :  there 
is  little  room  for  diflerence  of  opinioa  as  to  the  nomen- 
clature of  its  upper  teeth :  though  some  authors  {e.g.. 
Professor  Mivart)  prefer  to  call  the  first  premolar  a  otmine. 
But    in  the   lower    jaw   some   authors  give  i  ^5^  c  r  pm  ;;, 

others    i  ^  c  -  pm  -,  and  others  again,  i      pm  The 

last  given  seems  the  leaat  artificial,  ind  corresponds  best 
with  the  relations  between  the  upper  and  lower  teeth  when 
the  mouth  is  closed. 

Rousseau  describes   the   esiHtence   of   twenty-four  milk 

teeth,  which  he  elassifiee  thus  :  {i  —  dm  - ) ;  that  is  to  say, 

all  the  teeth  in  iront  of  the  true  molars  had  deciduous  pre- 
decessors, but  his  grouping  of  them  into  incisors  and  molars 
is  qiute  arbitrary. 

The  milk  teeth  are  not  shed  and  replaced  until  the 
animaKhas  attained  to  almost  its  full  dimensions,  and  all 
three  tnie  molars  are  in  place. 

The  teeth  of  the  Hedgehog  fairly  represent  some  of  the 
fcatures  of  Insectivorous  dentitions,  for  the  foi-cep-like  in- 
cisors, the  stunted  or  non-developed  canines,  and  the  molars 
bristling  with  pointed  cusps,  are  common  to  very  many  of 
the  order. 

The  Shrews  have  numerous  sharply-pointed  teeth,  the 
points  interdigitating    and    fitting    very   closely  together 
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when  the  mouth  ia  shut.  There  ia  no  tooth  either  in  the 
upjier  or  lower  jnw  which  is  so  elongated  as  to  deserve  tlie 
name  of  canine ;  but  between  the  inciaora  and  the  true 
molars  are  aevera!  amall  teeth  which,  by  analogy,  are  called 
premolars.  The  true  molars  are  not  very  different  in 
pattern  fi-om  those  of  the  mole  (B  in  Fig.  130),  and  present 
the  W-contour  bo  common  in  the  molars  of  Insectivora. 

The  most  mwked  peculiarity  in  the  dentition  of  the 
Shrews  lies  in  the  form  of  their  incisors.  The  firat  upper 
incisor  is  always  very  large  indeed :  it  looks  vertically 
downwards,  ia  a  little  hooked,  and  has  a  nottih,  and  a  second 
low  cusp  behind  the  principal  long  pointed  cusp.  The  tip 
of  the  lower  incisor  fits  into  this  notch.  The  lower  incisor 
ia  also  very  large ;  it  lies  nearly  horizontally,  though  the 
point  is  beut  a  little  upwards.  Along  its  upper  edge  there 
are,  in  most  species,  three  or  four  small  cuaps,  while  its 
lower  border  is  curiously  prolonged  outside  the  bone  of  the 
jaw,  so  as  to  in  some  measure  encase  this  latter.  The  lower 
incisor  is  at  least  one-third  as  long  as  the  whole  alveolar 
border.  The  incisor  teeth  of  the  Shrew  would  appear  to 
form  a  very  efficient  pair  of  pincers,  with  which  to  pick  up 
the  minute  creatures  on  which  it  feeds.  Of  the  milk  teeth 
of  Shrews  little  ia  known :  they  are  said  to  be  absorbed 
before  birth,  but  accurate  observations  upon  them  are  much 
needed,  their  very  esiatence  being  doubtful. 

The  dentition  of  the  Mole  (Talpa)  has  been  the  subject  of 
much  controversy,  the  determination  of  its  canines,  ic, 
presenting  such  difficulty  that  no  leas  than  five  different 
dental  formula;  have  been  assigned  to  it. 

In  the  front  of  the  upper  jaw  come  three  small  teeth,  the 
first  being  somewhat  the  largest,  which  are  well  within  the 
limits  of  the  iuterraajtillary  bone,  and  are  doubtless  incisors. 
But  the  nest  tooth,  which  ia  very  big,  also  appears  to  be 
implanted  in  the  intermaxillary  bone,  the  suture  passing 
across   its  aocliet  close  to  the  back  of  its  posterior  root. 
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According  to  its  implantation  it  therefore  would  be  an 
incisor (')  but  it  is  very  unlike  an  incisor;  and  it  is  two- 
rooted,  ft  thiug  anomalous  either  in  an  incisor  or  a  canine, 
though  found  in  the  canine  of  Gymnura,  which  ia  beyond 
question  in  the  maxillary  bone. 

Next  come  three  minute  prenmlars,  and  a  fourth,  which 
is  much   larger   than   the    othei's  ;    these    all  have  simple 


Clowns,  consiBting   of  little   more   than   a   single  sharply- 
pointed  cusp. 

The  first  two  upper  molars  are  large  teeth  bristling  with 
cuspa  ;  the  third  ia  much  reduced  in  size  and  simplified 
in  pattern.  In  the  lower  jaw  the  four  front  teeth  are  all 
small,  but  the  fourth  or  outermost  of  these  incisors  is  called 
by  some  writers  the  lower  canine,  beeause,  when  the  teeth 
are  closed,  it  passes  in  front  of  the  upper  canhiiform  tooth, 

(')  The  late  Mr.  Spence  Bate,  in  hia  rslnable  paper  on  the  milk  teeth 
of  the  mole,  says,  "  This  tooth  ia  implanted  within  the  limits  of  the  pre- 
tnaxillaTf  bones,  the  suture  Bsparatiag  Lhem  from  the  maxiliary,  piusing 
throogh  the  posterior  portion  of  its  alveolus  ;  iA««  demonitratiag  that  t/iit 
litciduoiia  tooth  ii  tie  true  homolojitt  of  that  of  the  canine  in  the  mam- 
nudian  type."  Surelj  it  would  go  to  prove  the  contrary,  if  accepted  aa 
eyidenee  at  all  npon  tliig  point 

(»J  "[Tpper  and  lower  teeth  of  the  oommon  Mole.  The  fnnotionleas  milk 
t«eth  (after  Spence  Il[ite)  are  placed  aliove  the  iiormanent  teeth  which 
displace  them. 
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NeverthelesB  the  tooth  which  does  the  work  of  a,  canine  in 
the  lower  jaw  is  the  fifth  counting  from  the  front :  this  is  a 
two-rooted  tooth,  and  conforms  80  closely  with  tho  three 
teeth  behind  it  in  configuration,  that  it  is  obviously  only  one 
of  theae  premolars  developed  to  a  greater  length  than  the 
others.  It  cloaes  behind  the  cauiniform  upper  tooth,  so 
cannot  on  this  ground  be  called  a  canine  by  those  who 
attach  importance  to  the  term. 

The  remaining  three  premolars  are  rather  small  and 
single ;  t)ie  true  mohtrs  are  of  considerablQ  size,  and  their 
points  are  very  long  and  sharp. 

I  have  purposely  avoided  giving  any  dental  formula  for 
the  Mole :  everything  turns  upon  the  value  which  we 
attach  to  the  term  canine ;  and  I  have  already  given  reasons 
for  attaching  but  little  homological  importance  to  its 
determination. 

The  late  Mr.  Spcnce  Bate's  paper  (Trans.  Odontol.  Society, 
1867),  valuable  as  it  is  in  contributing  to  our  whole  know- 
ledge of  the  milk  dentition  of  the  creature  does  not  finally 
determine  the  homologies  of  the  canine. 

In  a  Mole  3^  inches  long  he  found  eight  milk  teeth  on 
each  side  of  both  upper  and  lower  jaws,  as  is  indicated  in 
Fi^  li  The  m  Ik  incisors  were  about  one-twentieth  of 
an  n  h  n  ength  and  one  two-hundredth  in  diameter,  and 
we  e  n  dim  n  an  i  form,  consisting  of  long  thin  cylindrical 
tub  3  s  rmou  d  by  slightly  expanded  crowns.  All  the 
mi  k  h  we  e  of  this  simple  form,  save  only  the  last  in 
ea  h  ja  ,  wh  h  presented  crowns  with  two  cusps,  and  had 
their  roots  to  some  little  extent  divided  into  two. 

At  the  time  when  these  teeth  are  present  the  intermaxil- 
lary suture  is  very  distinct,  and  there  is  no  doubt  that  the 
fourth  upper  milk  tooth,  the  predecessor  of  the  caninifono 
tootli,  is  in  the  intermaxillary  bone. 

The  tooth  had  not  fau-ly  cut  the  gum,  and  the  advanced 
state  of  the  permanent  teeth  beneath  them  make  it  doubtful 
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whether  they  ever  do  become  erupted.  At  tdl  events,  they 
can  be  of  no  use. 

In  many  of  the  order  Insectivora  the  milk  dentition  is 
unknown,  but  we  have  exemplified  amongst  them  every 
grade  of  completeness  in  its  development.  Thus  in  the 
Hedgehog  and  Ccntetes  (an  nllied  animal  from  ?tladagascar) 
the  milk  dentition  is  tolerably  complete,  while  in  the 
Shrews  it  has  all  but,  or  quite,  disappeared. 

The  teeth  of  Insectivora  are  remarkable  for  the  thickness 
of  their  enamel,  which  in  the  Shrews  is  to  some  extent 
penetrated  by  tlie  dentinal  tubes.  The  enamel  is  deeply 
coloured  in  some  Shrews,  the  pigment  being  actually  in  the 
substance  of  the  enamel,  and  not  in  any  distinct  layer. 
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The  Ritfi,  sharply  distinguished  from  all  other  mammals 
by  the  possession  of  wings,  are  divided  into  two  groups, 
respectively  insectivorous  and  frugivoroua. 

The  insectivorous  Bats,  by  far  the  most  numerous  section, 
are  for  the  most  part  possessed  of  small  incisors,  rather 
large  canines,  and  premolar  and  molar  teeth  which  bristle 
with  sharp  cusps,  and  generally  present  the  W-pattem.  In 
fact,  in  general  character,  their  teeth  resemble  those  of  the 
Insectivora,  but  the  dental  fonuula  never  exceeds — 
J  2  ^  1  3       3 

The  incisors  are  sometimes  reduced  in  number,  and 
spaces  left  between  them ;  and  some,  as  for  example,  the 
Vampire  (Desmodus)  have  teeth  specially  modified  to  accord 
■with  their  blood-sucking  habits. 

This  Bat  has  only  one  permanent  incisor  on  each  side,  and 
this  is  a  large  but  thin  and  sharp-edged  tooth,  with  which 
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the  wound  is  made  ;  the  lower  inciaora  ai-o  small  teeth  with 
feebly  ootched  edges.     The  canines  are  large,  and  the  molar 


aeries,  which  is  not  required  in  an  animal  existing  upon 
blood,  is  stunted.  The  molar  teeth  are,  however,  sharp, 
though  small,  and  there  is  no  marked  distinction  into 
molars  and  premolars  :  the  dental  formula  is — 

iic-      m?m-ori 

The  frugivorous  bats  (of  which  the  Pteropus,  or  f 
foi,  is  an  example)  have  much  larger  muzzles,  and  the  moliir 
teeth  are  set  with  intervals  between  them. 

The  dental  formula  ia  i  ^  c  -  pm  ^  ni  -,  but  in  some  the 

molar  series  is  reduced  below  this  number. 

The  incisors  are  small,  and  tiie  canines  rather  large. 

Both  molars  and  premolars  are  of  somewhat  simple  form, 
Leing  long,  and  compressed  from  side  to  side.  The  outer 
borders  of  the  crown  of  the  molars  are  elevated  into  distinct 
but  not  exceedingly  sharp  cusps,  which  become  worn  down 
by  use. 

(')  Skull  ot  Desmodus,  slowing  milk  teeth. 
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The  insectivorouB  character  of  the  presenco  of  many 
sharp  ouapa  upon  the  teeth  is  not  to  be  found  in  any  of  the 
frugivoroHS  bats.  All  the  Pteropi  have  deciduous  caninea, 
and  four  deciduous  molara,  of  simple  pointed  form,  but  the 
number  of  deciduous  incisors  is  very  variable. 

The  milk  dentition  of  bats  has  been,  very  carefully  and 
thoroughly  investigated  by  Leche  (Lund's  Universit.  Ars- 
skrift,  Tom.  XII.  and  XIV.,  1878),  and  at  the  present  the 
Megadermata  are  tbe  only  family  in  ivbich  the  milk  teeth 
are  unknown.  The  milk  teeth  are  not  of  much  fmictional 
importance,  as  they  are  shed  soon  after,  if  not  absorbed 
before,  birth,  and  tbey  are  not  therefore  implanted  in  very 
definite  sockets. 

In  their  slight  cylindrical  elongated  roots,  surmounted  by 
expanded  crowns,  these  milk  teeth  often  recall  those  of  the 
Mole. 

Sometimes  the  milk  teeth  are  to  be  found  even  after  the 
permanent  teeth  are  m  situ;  in  other  instances,  as  for 
example  the  deciduous  molars  of  Molossus,  they  never  cut 
the  gum.  The  milk  dentition  of  the  Vampire  (Deamodus)  (') 
appears  to  consist  of  incisors  only,  or  of  incisors  and 
canines ;  though  the  absence  of  observed  molara  may  be 
due  to  the  fa^t  that  they  ai'e,  as  in  Molossus,  shed  very 
early. 

It  has,  near  to  the  front  of  the  upper  jaw,  six  teeth,  each 
of  which  is  very  long  and  slender,  and  has  a  strongly  hooked 
point :  it  has  been  suggested  that  these  feeble  hooked  teeth 
may  assist  it  in  holding  on  to  the  mother. 

In  general  terms  it  may  be  said  that  tbe  milk  teeth  of  the 
majority  of  Chiroptera  do  not  at  all  resemble  their  per- 
manent ai 


t 

L 


(')  In  a  skull  of  Desmqclns,  in  tlio  poaseasion  of  Mr.  E,  F.  Tomea,  tha 
third  milk  tooth  appears  to  correspDncl  in  poBitian  to  the  permanent 
nine  ;  tfaa  sam?  ia  tlia  cnfio  in  tfao  sirecimen  Egiired  by  Messis.  GfcrvalB 
I J  Castelmaiii  (Esped.  dans  les  part.  cent.  d'Am6nqoe  du  Sud). 
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All  BnomidouB  dentition  has  been  found  in  a  New  Guinea 
Batj  in  which  the  caninea,  whilst  having  a  long  principal 
ciiapj  are  rendered  multi-tuberculate  by  other  cusps  at  their 
base,  thie  pattern  being  more  or  lees  repeated  in  the  othi 
teeth.     (Oldfield  Tliomas,  Proo.  Zool.  Society,  1889.) 
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The  aniEoals  belonging  to   this    order,  which  is  sharplw 
defined,  are  scattered  almost  all  over  the  world  ;  the  islai 
of  Madagascar   is,  however,    remarkable  for   being  almos 
without  indigenous  Rodents,  as  is  the  case  also  with  AaH-^ 
tralia,  two  facts  which    are    of  no    small  interest  to   the 
Btndcnt  of  odontology.  > 

For  in  each  of  these  areas,  out  of  the  creatures  which  are 
there  (in  the  one  Lemurs,  in  the  other  Morsupiala),  there 
has  arisen  a  form  so  modified  as  to  mimic  and  take  the  place 
of  the  true  Rodents,  viz.,  the  Cheiromys  in  Madagaacar,  and 
the  Wombat  in  Australia. 

The  species  of  Rodents  are  exceedingly  numerous, 
the  great  majority  of  them  are  of  small  size ;  the  aqu 
Capybara  is  far  the  largest  of  recent  Rodents. 

An  average  Rodent  dentition  would  be 


1     0 
s  eitremea  the  Hare  has 


pm  -  or 
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In  general  features  the  dentitions  of  the  UTimeroua 
apeciea  comprising  this  order  are  very  uniform  ;  the  incisors, 

.ve  in  the  hares  and  rabbits,  in  which,  there  ia  an  ac- 
cessory small  pair  immediately  behind  the  large  ones)  are 
reduced  to  four  in  nnmber,  are  of  very  large  size,  and  grow 
from  persistent  pulps.  The  jaws  for  some  little  distance 
behind  the  iuciaora  are  devoid  of  teeth,  while  beyond  the 
interval  the  back  teeth,  generally  not  more  than  four  in 
number,  are  an-anged  in  linea  which  diverge  elightly  as  they 
paaa  backward.  The  large  acalpriform,  or  chisel-like  incisora, 
extend  far  back  into  the  jawa,  and  ai'e  much  curved,  the 

FtQ.  1*9['). 


upper  incisors,  in  the  words  of  Professor  Owen,  forming  a 
larger  segment  of  a  smaller  circle  than  the  lower,  which  are 
less  curved.  The  length  and  curvature  of  these  incisors 
relieve  from  direct  pressure  their  growing  pulps,  which 
come  to  be  situated  fiu'  back  in  the  jaw,  the  open  end  of  the 
lower  incisor,  for  example,  being  in  many  species  actually 
behind  the  last  of  the  molar  teeth.  The  nerve  going  to 
supply  the  persistent  pulps  is  of  very  lai^e  size,  and,  owing 
to  the  open  end  of  the  tooth  having  foi-merly  occupied  a 


(•}  Siile  view  ot  hkaW  of  a  Hoiletit,  giving  e 
tioa  of  the  oriler. 


I  of  the  ilenti- 
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more  anterior  position  in  the  jaw,  runs  forward  beneath  the 
tooth,  and  then  bends  abruptly  backwards  to  reach  the 
tooth-pnlp.  In  many  Kodenta  the  enamel  of  the  front  of 
the  large  incisors  is  stained  of  a  deep  orange  coloiu- ;  this 
colour  is  situated  in  tbe  substance  of  the  enamel  itself. 

The  scalpriform  incisors  terminate  by  cutting  edges,  the 
sharpness  of  which  is  constantly  maintained  by  the  peculiar 
disposition  of  the  tissues  of  the  tooth. 

The  investment  of  enamel,  instead  of  being  continued 
round  the  whole  circumference  of  the  tooth,  is  confined  to 
its  anterior  and  lateral  surfaces,  on  the  former  of  which  it  is 
thickest. 

It  is,  however,  stated  that  the  enamel  organ  is  continued 
round  the  roots,  so  that  the  connective  tissue  bundles  by 
which  attachment  to  the  cementum  is  made,  have  to  grow 
through  it  to  take  their  hold.     (v.  Brunn.) 

It  is  said  by  Hilgendorff  (Berlin  Akad.  d.  Wiss.  Monata- 
bericht,  1 865),  that  the  incisors  of  hares  differ  from  those  of 
all  other  Rodents  in  having  enamel  all  round  them,  although 
it  is  very  thin  at  the  back.  I  have  not  been  able  to  satisfy 
myself  that  the  thin  clear  layer  at  the  back  of  the  tooth  is 
enamel,  and  am  disposed  to  regard  it  as  cementum,  the  more 
so  as  it  seems  to  be  continued  a  little  way  upon  the  enamel, 
and  in.  very  young  teeth  the  large  cells  of  the  ouamel  organ 
are  confined  to  the  anterior  surface.  {') 

When  a  Rodent  incisor  has  been  exposed  to  wear,  the 
anterior  layer  of  enamel  is  left  projecting  beyond  the  level 
of  the  dentine,  and  this  arrangement  results  in  a  very  sharp 
edge  being  constantly  maintained.  The  dentine  also  is 
harder  near  to  the  front  of  the  tooth  than  towards  the  back 
of  the  tooth. 

A  thin  external  coat  of  cement  is  found  upon  the  back  of 

the  tooth,  but  is  not  continued  far  over  the  face    of  the 

enamel.     In  the  marsupial  wombat  this  layer  of  cement  ia, 

(■)  Ct,  E,  (t.  Betta,  Trana.  Oilontological  Society,  May, 


ithe  I 
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continued  over  the  whole  anterior  surfnce  of  the  scalpriform 
incisorB. 

The  molar  teeth   arc   not  Tsry  numerous ;    the   mouse 
family  have  ueimlly  -   ;    the  poroupineB  have  constantly 

,  and  the  harea  -  ;  the  Auatralian  water-rat  (Hy- 
4  5 

dromys)  Is  altogether  exceptional  in  biiving  bo  few  as  ^■ 

Observation  has  established  that  the  last  three  of  these 
teeth  are  always  true  molars,  and  that  when  there  are  more 
than  three,  the  rest  are  premolara,  and  have  had  deuidnous 


But  the  extent  to  which  the  milk  teeth  are  developed 
TiiTiea  much,  Mr.  'Watcrhouae  (Nat.  Hist,  of  Mammalia — 
Rodents,  p.  4),  has  found  the  milk,  molar  still  in  place  in 
the  skull  of  a  half-grown  beaver,  while  in  the  harea  they 
are  shed  about  the  eighteenth  day  after  birth,  and  in  the 
guinea-pig  disappear  before  birth.  Deciduous  inciHors  have 
not  been  found  in  any  of  the  group,  save  in  the  hares  and 
rabbits. 

In  the  hares  and  rabbits  there  are  four  incisors  in  the 
upper  jaw,  a  small  and  apparently  functionless  pair  being 
placed  close  behind  the  large  rodent  incisors  ;  but  iu  very 
young  specimens  there  are  sis  incisors,  of  which  the  one  pair 
^re  soon  lost. 
,  Prof.  Huxley  (Nature,  vol.  23,  p.  228)  has  recently  written 
that  "  the  deciduous  molars  and  the  posterior  deciduous 
upper  incisors  of  the  rabbit  have  been  long  known.  But  I 
have  recently  foimd  that  unborn  rabbits  possess,  iu  addi- 
tion, two  anterior  upper  and  two  lower  deciduous  incisors. 
Both  are  simple  conical  teeth,  the  sacs  of  which  are  merely 
embedded  in  the  gum.  The  upper  is  not  more  than  one- 
hundredth  of  an  inch  long,  the  lower  rather  larger.  It 
would  be  interesting  to  examine  fatal  guinea-pigs  in  rela- 
tion to  this  point ;  at  present  they  are  known  to  ^qssrsb. 
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only  the  hindmost  deciduous  molars,  so  far  agreeing  with 
the  Marsupials. " 

Hares  and  rabbits*  have  bis  milk  molars  in  the  upper  and 
four  in  the  lower  jaw,  which  come  into  use,  but  differ 
their  successors  in  forming  definite  roots  and  not  gro^ 
from  persistent  pulps. 

Other  Bodents,  such  aa   the  rat,  which  has  only  t1 
teeth  of  the  molar  series  on  each  side,  and  the  Aus1 


1 
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water-rat  (Hydromys)  have  no  knowu  milk  teeth,  and  are 
hence  perhaps  truly  Monophyodont. 

More  diversity  exists  in  the  premolar  and  toolar  teeth  ; 
in  Rodents  of  mixed  diet,  such  as  the  common  rat,  the  back 
teeth  are  coated  over  the  crown  with  enamel,  which  nowhere 
forms  deep  folds,  and  have  distinct  roots,  i.e.,  are  not  of 
persistent  growth  ;  the  molars  of  the  rat  have  some  sort  of 
resemblance  to  minute  human  molars.  In  aged  specimens 
the  enamel  is  cousetiueutly  worn  off  the  grinding  surface  of 
the  crown,  which  comes  to  be  an  area  of  dentine,  surroimded 
by  a  nng  of  enamel 

But  m  those  whose  food  Ja  of  a  more  i-efroctory  nature, 
the  molars,  like  the  mcisors,  grow  from  persistent  pulps  ("as 
18  exemplified  in  the  Capybara  here  figured),  and  their 
workmg  suriaces  are  kept  constantly  rough  by  the  enamel 
dipping  m  deeplj  from  the  side  of  the  tooth,  aa  may  also  be 
seen  m  the  common  water-rat.      The  inflection  of  enamel 


('}  Molar  of  Cnpybara,  sliowing  the  tranarePM  plates  of  dentine 
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may  be  bo  deep  na  to  divide  the  ai-eaa  of  dentine  completely 
up,  the  result  being  a  tooth  like  that  of  the  Capybara,  which 
is  conaposed  of  a  aeries  of  platea  of  deutine,  or  '  dcuticlea,' 
surrounded  by  layers  of  enamel,  and  all  fused  together  by 
the  cementum.     The  result  of  this  disposition  of  the  struo- 
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tures  is  that  the  working  surface  is  made  up  of  enamel, 
dentine,  and  cementum,  three  tissues  of  different  hardness, 
which  will  consequently  wear  down  at  different  rates,  and 
so  maintain  its  roughness.  Various  intermediate  forms  of 
the  molar  teeth  are  met  with ;  thus  there  are  some  in 
which  complexity  of  the  surface  is  maintained  by  folds  of 
enamel  dipping  in  for  a  little  distance,  but  which  never- 
theless after  a  time  form  roots  and  cease  to  grow.  "When 
the  molar  teeth  grow  from  persistent  pulps,  they  are  always 
curved,  like    the   incisors,  with  the  effect  of  relieving  the 
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Condyle  and  glenoid  cavit;  of  the  Capjliani,  Bhoving  tbeir  longitn- 
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pulps  h-Qxa  direct  pressure  during  mastication ;  and  the  laat 
remains  of  the  pulps  are  converted  into  secondary  or  osteo- 
dentine,  whicii  thus  forms  the  central  axis  of  the  iuciaora,  or 
molars,  as  the  case  may  be.  In  this  tissue  Tasciilar  tracts 
sometimes  exist,  but  it  is  altogether  small  in  amount,  the 
formation  of  true  dentine  going  on  till  the  pulp  at  that 
particular  point  is  almost  obliterated. 

As  has  already  been  mentioned,  when   the  molar  seriii 

Fio.  152  (1). 


mere  than  three  teeth,  those  anterior  to  the 
three  true  molars  are  premolars,  which  have  displaced  milk 
teeth ,  but  they  do  not  differ  materially  in  size  or  form  fiom 
the  tnie  molars 

The  form  of  the  condyle  and  of  the  glenoid  cavity  in 
Rodents  are  (.hatacteristic  ,  they  are  much  elongated  in  an 
antero  postenor  direction,  so  that  the  range  of  backward 
and  forward  motion,  made  use  of  m  guiwing  is  ver>  coo 
aiderable  The  Leporidfe  are  exceptional  in  having  more 
lateral  play  than  most  Kodents.  And  the  power  of  the 
teeth  is  marvellous ;   rats   will   sometimes   gnaw  holes   in 


(1)  Craniuinof  Capyban 
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*  wftter-pipea,  or  in  gaa-pipea,  in  which  they  have  heard  water 
I  bubbling. 

The  general  character  of  a  Rodent's  dentition  may  be 
illustrated  by  a  description  of  that  of  the  Capybara. 

The  incisor  teeth  are  squariah.  They  are  wider  than  they 
are  deep,  and  are  slightly  grooved  on  their  anterior  surface. 

There  ai'e  fonr  grinding  teeth  on  each  side,  of  which  the 
first  three  are  small,  and  with  few  cross  plates  of  dentine 
and  enamel,  but  the  foiurth  is  a  very  complex  tooth,  with 
twelve  or  more  such  plates,  which  are  fused  into  a  solid 
mass  by  oenientum. 

This  tooth  being  one  of  persistent  growth,  there  is  no 
eommoa  pulp  cavity,  but  each  plate  baa  its  omi. 

It  boa  already  bt-en  mentioned  (page  170)  that  the  den- 
tinal tubes  at  that  part  of  the  Rodent's  incisor  which  has 
come  into  use  are  much  smaller  than  those  near  to  its 
growing  base,  thereby  proving  that  they  have  undergone  a 
diminution  in  calibre  at  a  time  eubaequent  to  their  original 
formation.  Near  to  the  surface  actually  in  wear  they 
become  cut  off  from  the  pulp  cavity  by  the  convereion  of 
what  remains  of  the  pulp  into  a  laminated  granular  mass, 
BO  that  the  dentine  exposed  on  the  surface  of  a  Rodent's 
tooth  must  be  devoid  of  sensitiveness,  and  the  contents  of 
the  dentinal  tubes  must  have  presumably  undergone  some 
change.  But  what  the  nature  of  the  change  in  the  contents 
of  dentinal  tubes  which  have  ceased  to  be  in  continuity  with 
a  vascular  living  pulp  may  be,  there  are,  eo  far  as  I  know, 
no  observations  to  indicate. 

As  was  shown  by  my  father  {Phil,  Trans.  1850),  the 
enamel  of  Rodents  is  peculiar,  and  some  little  diversity  in 
the  arrangement  of  the  prisma  exists  in  different  families  of 
the  order,  their  character  being  in  many  cases  so  marked, 
that  it  is  often  possible  to  correctly  refer  a  tooth  to  a  par- 
ticular family  of  Rodents   after   simple   inspection  of  its 
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In  geuerai  terms  it  may  be  said  that  the  enamel  is  di- 
into  two  portions,  an  outer  and  an  inner  portion  (tliis  is 
true  of  all  save  tlie  liares  and  rabbits),  and  tliat  tbo  enamel 
prisma  pursue  different  eourses  in  these  two  portions. 

Thus  in  the  enamel  of  the  beaver,  in  the  inner  half,  neareat 
to  the  dentjue,  the  prisms  of  contiguous  layers  cross  each 
other  at  right  angles,  nhereas  in  the  outer  portion  they  are 
all  parallel  with  one  another. 

In  the  genera  Sciurus,  PteromyB,  Tamias,  and  Spermo- 
philus  the  enamel  fibres,   as   seen  in  longitudinal  section, 

Fro.  Ifi3('). 
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start  from  the  dentine  at  right  angles  to  its  surface ;  in 
Castor  they  incline  upwards  at  an  angle  of  60°,  but  preserve 
the  distinction  between  the  outer  and  inner  layers  very 
distinctly. 

In  the  Muridee  the  decussation  of  the  layers  in  the  innei 
part,  and  their  parallelism  in  ths  outer  part  of  the  enamel 
are  also  found,  but  in  addition  to  this  the  borders  of  the 
individual  prisms  are  slightly  serrated,  the  serrations  of 
contiguous  fibres  interlocking. 

In  the  porcupine  sub-order  the  fibres  of  the  inner  portion 

('}  TrauBverae  section  of  an  incisor  of  a  Beaver  (Castor  fiber),  Tha 
enamel  prisma  of  siiiierimposed  layers  cross  eacli  otber  at  rigbt  angles  in 
the  inner  portion  of  the  enamel,  but  all  becomo  parnilel  in  the  outer. 


rof  the  enamGl  puraua  a  aerpentine  course,  neTertheleaa 
showing  indications  of  a  division  into  layors ;  tliey  become 
parallel  in  the  outer  portioua  as  in  other  Rodents.  Small 
insterspaces  are  found  amongst  the  enamel  fibres  of  the 
porcupines. 

In  the  hares  (Leporida)  the  lamelliform  arrangement,  and 
the  division  into  outer  and  inner  layers,  alike  disappear. 

The  peculiarities  in  the  disposition  of  the  enamel  fibres, 
which  are  so  marked  in  the  incisors,  do  not  generally  exist 
in  the  molars  of  the  same  species. 

Many  minor  difFerencea  in  the  arrangement  of  the  enamel 
prisma  exist,  for  a  description  of  which  I  must  refer  the 
reader  to  the  original  paper,  but  in  general  terms  it  may  be 
said  that  the  "  enamel  lamellte  have  a  different  and  distinc- 
tive character  in  each  of  the  larger  groups,  and  that  the 
variety  of  structure  is  constant  throughout  the  members  of 
the  same  group ;  we  may  take,  for  example,  the  Sciuridto, 
the  Muridfe,  and  the  Hyatricidaa,  in  each  of  which  the 
structure  of  the  enamel  is  difierent ;  and  in  each  is  highly 
diatinotive."  And  further,  that  the  varieties  in  the  struc- 
ture of  the  dental  tissue,  so  far  as  they  are  known,  with  a 
few  isolated  exceptions,  justify  and  accord  with  the  classifi- 
cation of  the  membora  of  the  order  usually  given. 


TEE   TEETH  OP  HYRAOOIDEA. 


The  Biblical  coney  (Hyrax),  an  animal  as  large  as  a 
mbbit,  must  not  be  passed  over  without  mention,  as  its 
dentition  has  been  indirectly  the  source  of  much  contro- 
Tersy.  So  far  as  the  pattern  of  its  molar  teeth  goes,  it 
corresponds  closely  with  Rhinoceros,  and  was  hence  classed 
in  olose  proximity  to  that  genua  by  Cuvior,  But  a  more 
survey  of  its  chnracters  has  led  to  its  being  placed 
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in  a  separate  sub-order ;  it  is  a  good  exataple  of  the  danger  , 
which  attendB  relying  upon  any  single  character,  such  as 
the  pattern  of  the  teeth,  as  being  aloue  a  mifficient  buaia  for 
classilication. 

All  observers,  however,  are  not  agreed  as  to  its  positi 


it  certainly  presents  affinities  with  Perissodfictyla,  but  most 
modem  zooliigiata  are  pretty  well  agreed  in  placing  it  in 
a  sub-order  by  itself.  Frof.  Cope,  however,  regards  it 
as  closely  akin  to  some  early  highly  generalised  Ungu- 
lates, which  ho  groups  together  by  the  name  of  Taseopoda; 
they  all  possessed  five  toes  on  each  foot,  and  many  of  the 
characters  of  their  teeth  bring  them  witJiin  moaaurable 
distance  of  ancient  Insoctivora. 


(')  Skull  of  the  Hyi-ai. 


TSB    TEETH    OF  FBOBOSCWEA. 


■  The  deutal  formula  is  i  ■:;  c   |r  pi-m  j-  m  g-  ■ 

Seen  from  the  sidu,  the  dentition  bears  some  reBemblanc€ 
to  that  of  a  Rodent,  becawae  of  the  large  sise  of  ita  central 
incisoTB,  which  grow  fVora  persistent  pulps,  are  chisel-edged, 
priamiitic  in  section,  and  are  furnished  with  a  very  thick 
cottt  of  enamel  on  their  antero-external  and  antero-intemal 
focea :  the  second  pair  of  iucisora,  which  ai-e  small,  are  soon 
lost.  But  Hjiax  has  the  full  typical  number  of  premolars 
and  molars,  and  the  patterns  of  these  teeth  are  closely  similar 
to  those  of  the  Rhinoceros. 

In  the  lower  jaw  the  middle  incisors  are  small,  and  the 
outer  ones  largely  developed,  and  all  persist :  their  crowns 
■  ore  in  a  manner  trilobed,  and  they  pass  in  ordinary  closure 
of  the  mouth  behind  the  upper  incisors,  where  they  are  met 
by  a   dense  [lad  of  gum,  but  they  are  not  of  persistent 


THE    TEETH    ' 

At  the  present  day  the  Elephant  stands  alone,  removed 
by  many  striking  peculiarities  from  the  Ungulata,  to  which 
it  is  more  nearly  allied  than  to  other  orders  ;  but  in  former 
days  the  order  Proboscidea  was  represented  by  a  good  many 
genera,  was  widely  distributed  over  the  globe,  and  tran- 
sitional forms  Unking  the  elephant  with  somewhat  less 
aberrant  mammalia  were  not  wanting.  In  this  group  the 
incisors  grow  from  persistent  pulps,  and  form  conspicuous 
tusks ;  the  elephant  has  i  — ,  the  Mastodon  has  i  —  ,  the 

Dinotheriuna  i — 

Two  striking  features  characterise  the  dentition  of  the 
elephant ;   the  enormous    length  of  the  incisor  tusks,  and 
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the  peculiar  displacement  from  behind  forwards  of  the  molar 
teeth,  by  which  it  resnlts  thut  not  more  than  one  whole 
molar,  or  portions  of  two,  are  in  place  at  any  one  time. 

The  upper  tusks  are  preceded  by  small  decidiious  teeth  ; 
this  is  well  established,  though  it  has  been  recently  denied  by 
SflJideraon  (Wild  Beasts  of  India).  When  first  cut  they 
are  tipped  with  enamel,  but  the  enamel  cap  is  soon  worn  off, 
and  the  remainder  of  the  tuak  consists  of  that  modification 
of  dentine  known  as  "  ivory,"  and  of  a  thin  external  layer  of 
cement.  In  some  extinct  species  the  enamel  formed  longi- 
tudinal bands  upon  the  tusfca. 

In  the  Indian  elephant  the  tuska  are  not  so  large  as  in  the 
African  species  :  and  the  tnsks  of  the  female  are  very  much. 
shorter  than  those  of  the  male.  In  the  African  elephant,  ni> 
such  difference  in  size  has  been  established ;  and  amongBt> 
Indian  elephants  males  are  sometimes  met  with  which  have^ 
tusks  no  larger  than  the  females  of  corresponding  size  ;  they 
go  by  the  name  of  "Mucknas."  This  peculiarity  is  nots-^ 
always  transmitted,  and  it  is  known  that  in  Ceylon  tuskleaj*"" 

sires  sometimes  beget   "  tuskers."      Amongst  the    Ceylon 

elephants  the  possession  of  large  tusks  by  the  male  is  an  ei — ■ — " 
ceptional  thing,  Sanderson  stating  that  only  one  in  three^^* 
hundred  has  them,  while  amongst  51  Indian  elephants  only  "^ 
five  were  tnskless.  The  tuska  are  formidable  weapons,  and- — ^ 
great  dread  of  a  "  tusker,"  is  shown  by  elephants  less  well-— ^ 
armed. 

A  male  makes  use  of  his  tusks  for  all  aorta  of  purposes  ;^^ 
thus  when  a  tamed  one  is  given  a  rope  to  pnl],  he  will,  by  "" 
way  of  getting  a  good  purchase  upon  it,  pass  it  over  one  "^ 
tusk  and  grasp  it  between  his  molar  teeth. 

A  pair  of  African  tusks  exhibited  at  the  Great  Exhibition .— ^* 
of  1851  weighed  325  lbs.,  and  measured  8  feet  sis 
in  length,  and  22  inches  in  circumference,  but  the  average 
tuaks  imported  from  Africa  do  not  exceed  from  20  lbs.  to 
50  lbs,  weight.     Indian  elephants  seldom  have  tusks  attain- 
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ing  very  large  dimensions  ;  one  was,  however,  shot  by  Sir 
Victor  Brooke  with  a  tuak  8  feet  long,  weighing  90  Iba. 

The  largest  tusks  were  possessed  by  the  Mammoth,  the 
temaine  of  which  are  bo  abundant  in  Siberia ;  those,  which 
are  strongly  curved,  and  formed  a  considerable  segment 
of  a  circle  with  an  outward  inclination,  so  -aa  to  well  clear  the 
sides  of  the  head,  attained  the  length  of  13  feet,  and  a 
weight  of  200  Iba.  each. 

Ivory  is  one  of  the  moat  perfectly  elnatic  substances 
known,  and  it  is  on  this  account  that  it  is  used  for  billiard 
bolls ;  it  owes  its  elasticity  to  the  very  small  size  of  the 
dentinal  tubes  and  the  frequent  bends  {secondary  curva- 
tures) which  thoy  make ;  to  the  arrangement  of  the  tubes 
the  peculiar  engine-turning  pattern  of  ivory  is  due.  It 
differs  from  other  dentine  in  its  containing  from  40  to  43 
per  cent,  of  organic  matter  (human  dentine  contains  only 
about  25),  and  in  the  abundant  concentric  rows  of  inter- 
globular spaces.  Along  these  ivory  when  it  decomposes 
breaks  up,  so  that  a  disintegrated  segment  of  a  tuak  con- 
sists of  detached  concentric  rings ;  in  this  condition  many 
mammoth  teeth  are  found,  although  sometimes  where  they 
have  remained  frozen  and  protected  from  the  air  until  the 
time  of  their  discovery  they  are  hardly  affected  by  the  lapse 
of  the  thousands  of  years  which  have  gone  by  aince  their 
posaeasors  perished. 

The  best  ivory  ia  that  which  comes  from  equatorial 
Africa ;  Indian  ivory  is  not  so  highly  esteemed,  and  mam- 
moth ivory  is  so  uncertain  in  its  degree  of  preservation 
that  it  does  not  find  a  ready  sale,  even  though  some  samples 
almost  attain  the  quality  of  recent  ivory. 

The  last  remains  of  the  pulp  are  converted  into  dentine 
in  which  a  few  vascular  canals  persist ;  this  of  course  occu- 
pies the  centre  of  the  tusk,  and  is  small  in  amount. 

The  trade  in  ivory  is  quite  an  important  one,  the 
Board   of  Trade    returns  for    1879,  giving  94U  cwts.,  of 
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the  value  of  £406,927,  as  the  quantity  brought  to  this 
country. 

But  the  best  of  mammoth  ivory,  'which  has  been 
preserved  by  the  low  temperature  from  any  change,  so 
that  it  is  hardly  distinguishable  from  recent  ivory,  has  long 
been  an  article  of  commerce,  perhaps  even  from  the  time  of 
Pliny. 

Nordenskiold  (Voyage  of  the  Vega)  mentions  that  the 
dredge  often  brought  up  portions  of  tusks,  and  the  natives 
offered  at  times  very  fine  tusks  for  sale. 

It  is  estimated  that  100  pairs  annually  come  thus  into  the 
market,  and  this  is  probably  less  than  the  real  number. 
He  travelled  up  the  Yenisei  in  1875  on  board  a  steamer 
which  carried  over  100  tusks,  of  w^hich,  however,  a  large 
number  were  so  blackened  and  damaged,  that  it  was 
difl&cult  to  suppose  them  marketable. 

The  nearer  you  get  to  the  Polar  coasts  the  more 
abundant  are  the  mammoth  remains,  especially  where 
there  have  been  great  landslips,  though  the  tusks  found 
at  the  lowest  latitudes  are  said  to  be  smaller. 

In  the  new  Siberian  Islands,  in  the  space  of  a  verst,  he  saw 
ten  tusks  sticking  out  of  the  ground,  and  from  a  single  sand- 
bank ivory  collectors  have  for  eighty  years  reaped  a  harvest. 

In  England  dealers  in  ivory  seem  all  to  deny  ever  using 
mammoth  ivory,  though  the  finest  specimens  require  the 
eye  of  an  expert  to  distinguish  them  from  repent  ivory 
when  cut  up,  and  the  denial  must  be  taken  cum  grano. 

The  surfaces  of  the  tusks  of  the  female  are  often  deeply 
excavated  about  the  level  of  the  edge  of  the  g^um,  and  are 
sometimes  so  weakened  from  this  cause  that  they  break  o£ 
My  ftiend  Prof.  Moseley  tells  me  that  he  was  informed  by  the 
late  Major  Eossall,  who  as  a  sportsman  had  great  knowledge 
of  Indian  elephants,  that  the  tusks  of  all  the  females  he  has 
ever  seen  are  so  affected,  and  that  the  larvfie  or  pupa  of  a 
dipterous  insect  are  often  found  bedded  in  the  gum,  and 
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attached  to  the  surface  of  the  tusk.  There  is  a  specimen  of 
a  fbmale  elephant's  tusk  with  the  pupse  attached  in  the 
Museum  of  the  Ruyal  College  of  Surgeons.  It  would  be  a 
matter  of  interest  to  ascertitiu  whether  the  larva  really  eats 
away  the  tuBk,  or  whether  the  wasting  of  the  tusk  be  due 
to  absorption  set  up  by  the  irritated  gum. 

The  tusks  of  an  elephant  are  implanted  in  long  and 
Btout  sockets,  and  grow  from  persistent  pulps  throughout 
the  lifetime  of  the  auimal. 

In  the  Indian  elephant  about  one  half  of  the  length  of  the 
tusk  is  implanted,  aud  in  young  animals  the  pulp  cavity 
extends  beyond  the  implanted  portion,  but  in  older  animals 
it  does  not  extend  nearly  so  far.  A  knowledge  of  its  extent 
is  neoessary,  seeing  that  the  tusks  of  captive  elephants  have 
to  be  shortened  from  time  to  time ;  this  operation  is  by 
some  done  frequently,  by  others  only  at  long  intervals,  siich 
aa  ten  years,  in  which  case  a  large  and  valuable  segment  of 
ivory  is  cut  off,  and  the  end  of  the  tusk  bound  with  metal 
to  prevent  it  from  splitting. 

Tusks  sometimes  exemplify  on  a  large  scale  the  results  of 
injury  to  the  growing  pulp,  as  it  is  of  no  nnfrequent  oc- 
currence that  elephants  which  have  been  shot  at  and 
wounded  escape. 

The  thin  walls  of  the  tusk  near  to  its  open  end  do  not 
offer  very  much  resistance  to  the  entrance  of  a  bullet ;  the 
result  of  such  an  injury  is  not,  as  might  have  been  expected, 
the  death  of  the  pulp,  but  in  some  cases  abscess  cavities 
become  formed  in  the  neighbourhood  of  the  injury,  while 
in  others  less  disturbance  is  set  up,  the  bullet  liecomes 
encloaed  in  a  thin  shell  of  secondary  dentine,  or  sometimes 
lies  loose  in  an  irregular  cavity,  and  roimd  this  the  normal 
"  ivory  "  is  deposited  ;  upon  the  qutside  of  the  tusk  no  indi- 
cation of  anything  unusual  is  to  be  seen,  so  that  tho  bulleta 
thus  enclosed  are  found  by  ivory  turners  only  when  sawing 
up  the  tusk  for  use. 
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As  the  tusk  grows,  that  which  waa  ouce  in  the  pulp 
cavity,  and  within  the  alveolus,  comes  to  bo  at  a  distance 
from  the  head,  and  in  the  niidat  of  solid  ivory. 

As  an  esample  of  the  extent  of  injury  from  which  a 
tooth  pulp  is  capable  of  recovery,  may  be  cited  a  specimen 
now  deposited  in  the  Museum  of  the  Odontological  Society, 
by  Mr.  Bennett,  to  whom  I  am  indebted  for  permission  to 
figure  it. 

It  is  to  be  presumed  that  a  trap  waa  set  with  a  heavily 
loaded  spear,  or  that  it  was  dropped  by  a  native  from  a 
tree,  with  the  intention  of  its  entering   the  brain  of  the 


Fm  155('). 


elephant  as  it  waa  going  to  water,  both  of  these  method 
killing  elephants  being  practised  in  Africa.  But  in  this  o 
the  spear  penetrated  the  open  base  of  the  growing  tusk, 
which  looks  almost  vertically  upwards  (see  fig.  155),  end 
then  the  iron  point  appears  to  liave  broken  off.  This  did 
not  destroy  the  pulp,  but  the  tooth  continued  to  grow,  and 
the  iron  point,  measuring  no  leas  than  Tj  by  1^  inches, 
became  so  completely  enclosed  that  there  was  nothing  upon 
the  esterior  of  the  tusk  to  indicate  it-a  presence. 

1  am  told  by  Mr.  Eraleben  that  he  is  acquainted  with 
another  instance  in  which  a  spear  head  has  become  com- 
pletely enveloped  in  ivory. 

(')  Irun  Bpeflr-iead,  irremoyably  fliei!  in  the  inteiior  ot  u  tiisk,  believed 
to  be  from  an  African  Elepliant.  From  a  specimen  in  the  iwascaaioQ  of 
Ur.  Bennett. 
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There  are  also  other  specimens  eitont,  of  which  an 
excellent  ciamplo  ia  a  javelin  head  quite  Bolidly  embedded 
in  the  ivoiy,  which  is  in  the  Museum  of  the  Eoyal  College 
of  Surgeons. 

Six  molar  teeth  are  developed  on  each  side  of  the  jaw  by 
the  elephant,  and,  arguing  from  analogy,  they  are  some- 

times    cla«8ified    thus — ^milk    molars  —   true    molars   -5 ; 

occasionally  a  rudimentary  tooth  in  front  brings  iip  the 
number  to  seven  on  each  side.  But  the  peculiarity  of  their 
mode  of  succession  renders  such  a  classification  merely 
arbitrary,  so  far  aa  the  elephant  itself  ia  concerned,  and  it 
depends  upon  analogy  with  the  teeth  of  the  mastodon. 
Though  the  elephant  has,  during  the  course  of  its  lifej 
twenty-four  molars,  they  are  not  all  in  place,  nor  indeed 
aro  they  all  actually  in  osistence  at  the  same  time.  Only 
one  whole  tooth  on  each  side,  or  portions  of  two  (when  the 
front  one  of  the  two  is  nearly  worn  out),  are  in  use  at  the 
eame  time.  After  a  tooth  has  been  in  use  for  some  time, 
and  is  worn  down,  a  new  tooth  comes  up  to  take  its  place 
from  behind  it,  and  absorption  in  the  old  tooth  being  set  np, 
it  ia  shed  off,  and  the  new  tooth  pushes  forward  into  ita 
place  (see  fig.  156).  Each  successive  tooth  is  of  greater 
size  than  its  predecessors  ;  thus  in  the  Indian  elephant  the 
first  tooth  having,  on  an  average,  four  transverse  plates; 
the  second  eight,  the  third  twelve,  the  fourth  twelve,  the 
fifth  sixteen,  the  sixth  from  twenty-four  to  twenty-seven. 
In  the  African  elephant,  in  which  the  individual  plates  are 
much  broader,  they  are  fewer  in  number. 

A  reference  to  the  accompanying  figure  will  indicate  how 
the  succession  takes  place.  The  tooth  in  reserve  occupies  a 
position  at  an  angle  to  that  in  use ;  as  it  moves  forwards 
and  (in  the  upper  jaw)  downwwdiattMllH^J^)'^''^  almost 
the  segment  of   a  cirde.     Tl»^  •  -     •-'mer  ia  the 

first  to  come  into  us  'if  the 
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whole  tooth  ia  atill  exceedingly  oblique,  and  the  greater  part 
of  it  JH  Btill  within  the  socket. 

The  teeth  oa  first  formed  consist  of  detached  plates  of 


dentine  coated  with  enamel,  the  tops  of  which  are  mammil- 
lated  ,  tlitse  onlj  coalesce  after  a  considerable  portion  of 
their  depth  has  been  formed,  ind  thit  portion  of  the  tooth 
has  been  reached  in  which  there  le  a  common  pulp  caTity  ; 


(I)  Sidfl  Tiow  of  skull  ot  jonng  Indian  Wephimt  Tho  taoth  id  u*a  are 
the  aecond  and  tbird  of  the  moIaiB  -which  dieplnCe  one  nnother  from 
behind  forwards  ;  the  interior  of  these,  aorreaponding  to  a  milk  molar  in 
other  anitnalA,  ia  nearly  n'orn  out ;  the  reHidunl  fra^nont  ia  «epuM«l} 
repreBcnted  on  the  left.  The  teak,  of  which  only  a  short  piect  ean  be 
sliown.  ia  inilioatod  witbin  the  socket  by  d'otled  linea,  bj  whii'b  also  the 
form  of  the  pulp  CttTJly  ja  mapped  out. 


r 
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here  dentine  is  coutinuoua  from  end  to  end  of  the 
tooth. 

Just  as  the  ciispa  of  a  human  molar  ore  separate  when 
firet  calcified,  bo  these  exaggerated  cusps  or  plates  of  an 
elephant's  tootli  are  separate  from  one  another  till  a  great 
part  of  their  length  is  completed,  and  they  only  coideace 
when  they  reach  the  level  of  the  common  pulp  chamber ;  in 
point  of  fact  the  elephant's  tooth  ia  mainly  made  up  of  its 
cusps,  the  remaining  portion  being  iusigniticaut. 

Several  of  theae  detached  plates,  such  as  the  one  here 
figured,  are  to  lie  found  at  the  back  of  the  largest  teeth 
even  at  a  time  when  the  front  comer  has  been  erupted  and 
has  come  into  wear. 

That  the  tooth  ia  thus  being  built  up  only  as  itiarequired 
IB  of  obvious  advantage  to  the  animal  in  diminishing  the 
weight  to  be  carried,  and  is  also  an  economy  of  sjiace. 

The  teeth  when  they  begin  to  be  erupted  do  not  at  once 
come  into  use  over  their  whole  surface,  but  they  come  for- 
ward in  an  oblique  position,  so  that  the  front  of  the  tooth 
has  been  in  use  for  some  time,  and  its  plates  have  been  con- 
siderably worn  down,  before  the  back  of  the  tooth  has 
become  exposed  at  all.  Nay,  more,  in  the  case  of  the  larger 
molars  the  front  of  the  tooth  is  actually  in  use  at  a  time 
when  it«  baek  ia  not  yet  completed. 

In  the  elephant  there  is  no  vertical  succession  of  teeth 
whatever;  the  manner  of  auccessiou  usual  amongst  mammals 
has  in  them  given  place  to  a  succession  from  behind,  the 
older  teeth  being  pushed  out  forwards.  Hod  the  elephant 
always  been  as  itiolated  a  form  as  it  now  appears  to  be,  it 
would  have  Ijeen  very  uncertain  how  its  six  molars  should 
be  classified.  But  it  happens  that  proboscideans  formerly 
existed  in  which  this  peculiar  auccessiou  from  behind  was  to 
he  found,  at  the  siime  time  that  the  ordinary  vertical  suc- 
cession was  not  quite  lost,  and  amongst  these  creatures  (the 
mastodons)  we  are  able  to  say  with  certainty  which  of  the 


I 
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teeth  are  milk  molars,  which  are  premolars,  and  which  are 
true  molars.  And  as  the  maBto<lona  pass  by  insensible  gra- 
dations into  the  elephants,  so  that  the  line  of  demarcation 
between  the  two  genera  is  an  urbitrai-y  one,  we  can  tell 


which  of  the  mastodon's  teeth  correspond  to  each  one  of  the 
sis  molars  of  the  elephant. 

Mastodon. — In  the  later  tertiary  periods  this  genus,  ap- 
prosimating  in  its  dental  and  other  charactera  to  the  true 
elephant,  was  widely  distributed  OTer  the  world.  The  dental 
formula  is  not  quite  the  same  for  all  the  genus,  for  in  some 
no  premolars  existed. 


.   1 


pm  —  milk  molara  " 


The  upper  incisors  formed  nearly  straight  tusks,  seven  or 
eight  feet  in  length  ;  the  lower  incisors  also  grew  ont  hori- 
zontally from  the  front  of  the  jaw,  but  in  some  species  the 
lower  tusks  are  rudimentary,  are  lost  early,  or  are  altogether 


(']  Isolated  plate  (=  exaggerated  cusp)  of  mi  Elephant's  taotJi,  prior  to 
ita  coalesceooe  wicli  aeiglibouriiiiir  plates  ;  at  tbe  top  are  £een  its  lenuinol 
mamniillated  processes,  one  of  which  has  been  cut  off  to  show  the  central 
ana  of  dentine,  anrronnded  by  enamel ;  at  tlie  base  would  bo  the  open 
pnlp  cavit;,  not  sbown  in  the  figttre. 


r 
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absent,  thus   more  nearly  approaching  to  the  condition  met 
with  in  tho  clophont. 

The  seyeral  molar  teeth  of  tho  MoatodoQ  increased  in 
size  from  before  backwards.  The  orowna  were  built  up  of 
deep  and  strongly  pronounced  transverse  ridges,  of  which 
the  lost  molar  had  the  largest  uumber.  The  apices  of  the 
ridgea,  before  being  at  all  worn,  were  divided  up  into  several 
blnnt  nipple  -  like  {mastoid)  processes,  upon  which  the 
enamel  was  thick  aud  dense,  but  the  cement  was  thin,  so 
that  the  interspaces  of  the  procesaea  were  not  filled  up  level 
by  the  latter  tissue,  as  in  the  elephant. 

Very  defiuite  roots  were  formed  to  the  molars,  the  wear- 
ing down  of  the  teeth  beiug  met  by  the  worn  teeth  being 
shed  off  altogether  from  the  front  of  the  series,  whilst  new 
teeth  were  added  to  the  back.  Thus,  juat  as  in  the  elephant, 
the  whole  number  of  teeth  were  not  in  place  at  one  time. 
Not  more  than  three  were  in  uae  at  one  time,  and  by  the 
time  the  last  and  largest  molar  was  cut,  there  was  but  one 
tooth  remaining  in  front  of  it,  and  even  this  was  soon  lost,  the 
dentition  thus  being'  reduced  to  a  single  molar  on  each  side. 
As  the  succession  of  the  molars  in  the  Mastodon  affords 
a  olue  to  the  nature  of  the  grinders  of  the  elephant,  it  i 
necessary  to  add  a  few  words  about  it.  Some  Mastodons 
had  three  milk  molars,  of  which  the  last  two  were  vertically 
displaced  by  premolars,  just  as  in  most  other  mammals, 
but  the  first  milk  molar  was  not  so  replaced  (Mastodon 
ongustidens).  There  appear  to  have  been  Mastodons  in  which 
no  vertical  succession  at  all  took  place,  i.e.,  in  which  there 
were  no  premolars,  aud  others  in  which  there  was  but  one. 

No  doubt  can  be  entertained  as  to  the  homologies  of  the 
t«eth,  even  iu  those  Mastodons  which  aie  not  known  to 
have  any  vertical  succession,  because  analogy  with  those 
other  species  iu  which  the  second  and  third  molars,  counted 
fVom  the  front,  were  vertically  displaced  by  nearly  funetion- 
i,  tells  us  that  tho  three  front  molars  are  milk 
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molars.     Now  elephants  develop  ais  molar  teeth  ou  each  side; 
the  elephant  is  in  the  same  case,  quoad  its  moliu 
Maflt«don  Ohioticua,  which  had  no  vertical  aucccBsion,  so  that 
we  thus  know  the  elephant's  grindera  to  bo 

dm    ^  m    ^ 

Dr.  Falconer  naentiona  an  elephant  fi^m  the  Sewalik  Hills 
(E.  planifrons)  in  which  two  rudimentaiy  premolars,  of  no 
functional  importance,  actually  existed,  aud  so  the  deteni 
nation  of  the  elephant's  working  teeth  as 


rests  not  only  upon  analogy,  but  upon  actual  obaervatdc 

The  Dinotherium,  a  large  animal,  not  unrdce  the  Sii 
ia  the  chAracter  of  its  cranium,  which  was  probably  of 
aquatic  habits,  was  remarkable  for  poasesaiug  large  tusks,  by 
analogy  known  to  be  incisors,  in  its  lower  jaw,  noue  being 
present  in  the  upper  jaw.  The  tuaks  projected  downwards 
at  right  angles  with  the  body  of  the  jaw  and  were  curved 
backwards.  The  portion  of  jaw  about  the  symphiaia  was 
deflected  downwards,  so  as  to  afford  an  adequate  implanta- 
tion for  these  anomalous  tusks. 

The  dentine  of  these  tusks  does  not,  however,  present  the 
characteristie  ivory  pattern. 

The  Diuotherinm  was  as  large  as  an  elephant,  and  the 

downward  pointing  tusks  were  about  2  feet  in  length ;    as, 

however,  tuaks  of  only  half  this  length  were  found  in  some 

jaws  of  identical  dimensions  and  in  other  respects  similar,  it 

is  behevedthat  the  male  Dinotherium  had  larger  tuaks  than 

the  female.     The  molar  teeth,  much  like  those  of  a  tapirj 

need  not  detain  us. 

.00  23 

pm      m 
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But  the  Dinotherium,  Mastodon,  and  Elephant,  present 
us  with  a  very  instructive  series  of  ipodifications  in  which 
we  Bee  how  the  excessively  complex  grinder  of  the  Indian 
elephant  was  attained  to  hy  degrees. 

The  molar  of  the  Dinotherium  resembles  that  of  a  tapir 
somewhat ;  it  has  not  any  very  great  esaggeratiou  of  its 
cusps,  and  does  not  deviate  very  widely  from  the  form  of 
many  other  mammahaa  teeth. 

(I)  Skull  of  DinothcriiiDi,  after  Owen. 
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The  tooth  of  Mastodon  has  its  cusps  or  ridges 
numeroiis  and  more  prouoiiuced,  aa  is  seen  in  the  ai 
panying  figure. 

Ft(!.  15P('). 


(')  Molar  tootb  of  MiiBtoiion. 

P)  Molar  of  African  Elephant,    E.  Enamel.    -D.  Dentine.    C.  CemBntnm. 
C)  Molar  toolh  of  African  G(«pliant,  eluwing  tbe  form  of  its  lootj,  &o. 
It.  Dentine,     c.  Cementam.    e.  Enamel. 
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Other  Mostodons  have  more  numerous  ridges  upon  the 
teotb,  aud  the  African  elephant  has  as  man^  as  ten  upon 
its  last  or  larger  molar,  although  in  it  the  ridges  are  in- 
dividually wide  and  strongly  pronounced. 
,  In  the  Indian  elephant  the  ridges  or  plates  are  still  more 
numerous,  the  root*  very  incouspicuouB  aud  the  whole  formed 
into  a  sohd  block  by  cementum. 

The  graJuul  increase  in  cwmplexity  in  the  "ridgo  fovmula" 


(or  number  of  ridges  in  each  tooth),  of  the  molara,  is  well 
seen  in  the  following  table,  from  Pruf.  Flower's  Huuteriau 
lectiUB  ("  Nature,"  March  2,  1876) ;  it  is  a  corrected  table 
taken  from  Dr.  Falconer's  "  Palfflontological  Memoirs." 


Dinotherium  gigantaum 

Mastodon  (Trilophodon) 
„       (Tetraloptodon); 

(Pentalopliodou)   aivalensia 

ELepliaH  (^tegodou)  insignis  , 
„  (Loxodon)  af  ricanus 
„  ..         meridioDolls 

,.        (Enelephaa)  antiqaua    . 
„  ,.  ptimigeniiu 

,,  „  iodicua 


Milli  Molira. 

TmeMolan. 

Total, 

13 
16 
22 
28 
39 
41 
46 
67 
76 

"1 

1     2     3 

1  2     3 
'334 

3     4     6 

2  6     7 

3  C     7 
3     6    8 

3  G  10 

4  8  12 
4     8  12 

3    a   3 

3  3    4 

4  4    5 

5  6    e 

7     8  10 

7  a  10 

8  9  12 

10  12  16 
12  16  24 
12  16  24 

(')  Molar  tooth  of  an  Asiatic  Elephant,  sLowing  tha  tranavorse  plates  of 
dentins  bordered  by  ename]. 
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Some  variability  exiets  in  the  number  of  ridges,  especially 
when  they  are  very  numerous,  but  the  above  may  be  taken 
as  averages  ;  and  some  species  intermediate  in  the  "  ridge 
formula"  have  been  since  discovered  ;  thus  M.  Pentelici  and 
M.  Andium  bridge  the  distinction  between  Trilophodon  and 
Tetralophodon,  and  Elephas  melitensia  comes  between 
Losodon  and  Euelephas  (Flower). 

It  remains  to  deaoribe,  somewhat  mora  in  detail,  the 
structure  of  an  elephant's  tooth,  and  this  haa  been  deferred 
till  the  last,  because  it  can  be  the  more  easily  understood 
when  the  mimuer  of  its  origin  hiia  been  mastered.  In  the 
Mastodon  the  molar  consists  of  a  crown  with  strong  cusps 
standing  apart,  and  with  marked  roots;  in  the  African 
elephant  that  part  which  consists  of  cusps  has  become  the 
greater  hulk  of  the  tooth,  the  roots  are  comparatively  in- 
significant, and  the  interspaces  of  the  cusps  are  filled  up  with 
cementum.  The  molar  of  the  Indian  elephant  consists  of  a 
laiger  number  of  yet  more  elongated  and  flattened  cuapa,  so 
that  the  greater  part  of  the  tooth  is  made  up  of  these  flattened 
plates,  fused  together  with  cementum,  and  so  forming  a  strong 
and  solid  mass ;  the  roots  are  comparatively  inconspicuous. 

When  the  tooth  is  a  little  worn  each  plate  consists  of  an 
area  of  dentine  surrounded  by  enamel.  The  interspaces 
of  the  series  of  plates  are  wholly  filled  up  by  cementum  ; 
the  summits  of  each  plate  were  originally  mammillatcd, 
and  divided  up  into  more  numerous  blunt  processes  than 
the  corresponding  parts  of  the  tooth  of  a  Mastodon;  when 
the  tooth  comes  into  use  the  rounded  tips  are  soon  worn 
off,  and  the  grinding  surface  of  the  tooth  then  consists  of 
narrow  transverse  bands  of  dentine,  surrounded  by  enamel, 
and  of  cementum  in  their  interspaces.  The  difference  in 
hardness  between  these  three  ti^ues  preserves  a  constant 
rough  surface,  owing  to  their  unequal  rate  of  wear.  In  their 
wild  condition  elephants  eat  trees  with  succulent  juicy  stems, 
and  oftentimes  grass  torn  up  by  the  roots,  from  which  they 
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Tonghly  shake  out  the  adherent  earth,  la  coufitiement,  the 
:food  containiDg  less  that  ia  gritty,  the  teeth  become  polished 
»y  working  against  one  another,  but  the  rate  of  wear  ia  insuf- 
b  to  keep  their  Btirfacea  rough  ;  for  the  softer  ce me ntum 
doea  not  get  worn  down  in  the  interspaaes  of  the  plates  of 
dentine  and  enamel,  but  remains  on  a  level  with  them. 
The  celebrated  elephant  "Jumbo"  suffered  from  insufficient 
iar  of  his  teeth,  so  that  the  earlier  ones  being  insuffioiently 
worn  were  not  got  rid  of  at  the  proper  time,  and  interfered 
with  the  normal  development  of  their  succaasors. 

Great  though  the  size  of  the  Proboscideans  be,  they  have 
some  points  of  affinity  with  the  Hodents  in  the  great 
development  of  the  incisors,  the  vacant  interval  between 
•■  these  and  the  uiolar  teeth,  and,  as  was  pointed  out  by  the 
late  Professor  Rolleaton,  the  enamel  of  the  elephant's  molar 
having,  in  its  inner  portions,  a  pattern  produced  by  the 
decussation  of  the  prisms,  which  ia  very  similar  to  that 
described  by  my  father  as  characteristic  of  all  the  Rodents 
save  the  Leporidse  (Hares),  and  HystricidEc  (Porcupines). 
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This  ia  a  group  of  animals  of  which  a  vast  number  of 
forms  are  extinct,  and  are  only  imperfectly  known  to  us. 

Recent  diacoveriea,  especially  those  of  Professor  Marsh  in 
the  Mauvaisea  Terres  of  Wyoming,  have  brought  to  light  a 
very  large  number  of  strange  and  highly  interesting  forms, 
which  have  broken  down  the  old  classification  of  Ungulates 
into  the  Artiodactyle  and  Periasodactyle  Ungulates,  and  have 
brought  within  it,  by  means  of  links,  to  a  certain  extent, 
Hyracoidea  and  Proboscidea. 

Nowadays,  provisionally,  they  may  be  grouped  into 
Ungulata  Vera  and  Siibungulata. 
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The  Ungulata  Vera  comprise — 

(L)  Artiodactylea,    or       )  Hippopotamus,     Pips,     Anoplotherium, 

eveii-toedUn};iilata  )    Cows,  Sheep,  Deer,  and  other  RtumnantF. 

{}.V)  Perissodactjlea,      or  \ 

ITii(mln.tft.  with    an  J  B 

The  distinotion  between  the  two  groaps  in  strong'lj'  marked,  if 
living  animals  alone  be  considered  ;  bat,  aa  Pcofeaaoi  Hniley  has 
pointed  ont,  increaRin^  knowledge  of  fossil  forms  has  broken  down 
the  line  of  demarcation. 

Then  we  have  an  ill-defined  group  of — 
tTngulata  Polydactyla    or  1  HyrMoidea,   ProboBoidea,  and  Amblj- 

Subon^rulata,  comprising  j     poda,  and  perhaps  others. 

The  Ambljpoda  oomprise  a  number  of  extinct  animals  of  hn^ 
Bise,  as  big  as  elephants.  Prof.  Cope  includes  in  it  Prof.  Marsh's 
order  Dinocerata,  and  to  it  may  perhaps  be  referred  several  forma 
whose  affinities  are  very  puzzlingf,  snch  aa  Toxodon, 

But  fortnnately  it  is  not  necessary  in  an  elementary  work  on 
Odontology  to  do  more  than  present  the  desoiiptions  of  the  several 
creatures  somewhere  near  their  right  places,  and  so  the  increasing 
difficulties  of  the  classification  of  the  Ungulata  need  not  be  discussed. 

Of  Eocene  Ungulata  it  may  be  said  that  almost  all  po*- 
seased  the  full  mammoliaa  dentition,  i.^.  ^^H 

■  3   c   ^-  pm  ^.  m  ^  =  44  ^ 

and  a  few  had  more. 

Moreover  aa  we  look  at  the  patterns  of  the  molar  teeti, 
we  find  them  far  more  simple,  trituberoulate  or  quadri- 
tuberculate  crowna  being  the  rule.  Many  of  them  have  five 
toes,  and  were  otherwise  leas  specialised  than  modem  forms. 
Ungulates  mostly  have  a  well  developed  niilk  dentition, 
which  in  the  case  of  modern  domesticated  animals  remain 
in  use  for  a  long  time. 

The  Teeth  of  Perissodactyle  UiigtilH.teB. — Perisso- 
dactyle  {odd-toed)  Ungulates  are  far  less  numerous  than  th^ 
even-toed  section,  and  amongat  recent  animals  only  comprise 
the  Horse,  the  Rhinoceros,  the  Tapir  and  their  allies.  Their 
premolars,  or  at  least  the  last  three  of  them,  are  equally 
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complex  in  pattern  with  the  true  molars ;  and  caninee,  tusk- 
like  but  not  very  Ifirge,  are  of  frequent  occurrence.  The 
lower  molars  of  almost  all  periasodoctyles  have  a.  character- 
istic form,  their  grinding  surfaces  being  made  up  of  two 
crescentic  ridges. 

The  ungulate  animnk  are  all  possessed  of  molar  teeth, 
which  are  kept  in  an  efficient  state  of  roughneaa  by  the 
enamel  dipping  deeply  into  the  crowns ;  by  the  cusps,  iu 
fact,  being  of  very  great  depth.  It  consequently  happens 
that  after  the  immediate  apex  is  worn  away,  the  flattened 
working  face  of  the  tooth  is  mapped  out  into  definite 
patterns,  which,  on  account  of  the  light  thus  thrown  upon 
fossil  remains,  often  consisting  of  little  else  than  the  teeth, 
have  been  studied  with  great  care.  The  result  has  been  to 
establish  a  general  community  of  type,  so  that,  dissimilar 
as  they  at  first  sight  appear,  it  is  possible  to  derive  all,  or 
almost  all,  the  configurations  of  their  crowns  from  one  or 
two  comparatively  simple  patterns.  But  odontologists  are 
not  yet  agreed,  or  rather  do  not  yet  know  enough  of  the 
vast  number  of  extinct  Ungulates  which  there  is  reason  to 
believe  once  existed  (of  which  many  have  lately  been 
discovered)  to  decide  with  certainty  what  the  jiarent  pattern 

The  patterns  of  the  molars  have  been  made  use  of  to  divide 
them  into  the  following  groups  : 

(i.)  Bilophiodont,  i.f.  two  ridged,  e.g.  the  Tapir. 

(ii.)  Molars  (lower)  bicrescentic,  e.g.  Rhinoceros. 

(iii.)  Lower  molars  bicrescentic,  with  the  addition  of  inner 
lobes  or  columns,  e.g..  Horse. 

The  Tapir  is  interesting  as  appearing  in  Miocene  strata 
and  remaining  practically  imchanged  til!  the  present  time,  it 
being  thus  the  oldest  existing  genus  of  mammals  (Flower). 

Tftpir. — The  dental  formula  is 

.31        +        3 
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In  abrief  survey,  like  that  to  which  the  present  work  is 
necessarily  confined,  it  will  suffice  to  mention  that  there  is 
no  great  peculiarity  about  the  incisors  or  the  canines,  save 
that  the  third  upper  incisor  is  larger  than  tbe  canine,  and 
oppoBca  the  lower  canine  which  ranges  with  the  lower  incisors; 
Flo.  163('). 


>rk  is         ' 


behind  the  canine  cornea  an  interval,  after  which 
premolars  and  molars,  which  are  interesting,  as  being  of 
simpler  pattern  than  those  of  most  Ungidates,  and  it  will  be 
necessary  to  very  briefly  allude  to  the  various  patterns 
characteristic  of  ungulate  teeth,  with  a  view  of  showing  how 
they  may  have  been  derived  the  one  from  the  other. 

The  first  upper  premolar  is  triangular,  one  of  its  cusps 
being  suppreaaed,  but  the  rest  of  them  are  squarish  and 
resemble  true  molars. 

In  the  Tapir  four  cusps  are  traceable,  but  ridges  uniting 
the  two  anterior  and  tbe  two  posterior  cusps  are  strongly 
developed,  at  the  cost  of  the  antero-posterior  depression,  i.s.,  of 
one  of  the  arms  of  the  cross  which  separate  the  four  cusps 
in  other  qnadricuspid  molars.  There  is  therefore  only  a 
deep  transverse  fiasnre  (hcnco  it  is  called  a  bilophiodont 
tooth),  and  the  quadricuspid  form  is  disguised.  A  low  wall 
on  tbe  outside  of  the  tooth  connects  the  two  ridges. 

In  Khinoceros  the  two  external  cusps  are  united  by  a 
longitudinal  ridge,  possibly  the  ciugulumj  and  the  tranaveiBe, 

(')  Grioding  surface  of  tootb  ot  Tapir. 


J 
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ridges  become  oblique;  consequently  the  valley  between 
the  I'idges  c  and  d  is  also  oblique  in  direction,  and  a 
second  valley  "a"  behind  the  posterior  ridge  ia  introduced 
(Fig.  1G4). 

The  simplicity  of  the  pattern  ia  also  departed  from  by 
the  margins  of  the  ridges,  and  therefore  the  boundaries  of 
the  depresaions,  being  waved  and  irregular. 

The  lower  rnolai-H  of  the  Rhinoceros  are  made  up  of  two 
creBcontic  ridges,  one  in  front  of  the  other,  with  the  hollows 
turned  inwards.     It    is   leas   obvious   iiow  this   pattern   is 


derived  from  that  of  the  Tapir,  but  it  may  be  that  the  trans- 
verse ridges  of  the  Tapir  type  of  tooth  may  have  become 
curved  and  crescentic,  so  that  tlie  original  outer  edge  of  the 
posterior  ridge  abuts  against  the  back  and  the  esterior  of 
the  ridge  in  front  of  it.  The  valleys  between  the  processes 
of  enamel  and  dentine  of  the  tooth  of  the  Rhinoceros,  termed 
"  ainnaes,"  are  not  filled  up  solidly  with  cementuni. 

The  Palreotherium  type  of  tooth  may  be  said  to  be 
arrived  at  by  the  outer  wall  becoming  zigzag,  being  bent 
inwards  opposite  to  the  cusps,  and  outwards  at  the 
i  of  the  tooth  and  opposite  to  the  interspaces  between 
The  more  complex  pattern  which  characteriaea 


r 
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the  molar  of  the  Horse  may  be  derived  from  &  further 
modification  of  the  Rhinoceros  molar. 

To  use  the  words  of  Professor  Husley :  "  Deepen  the 
Talley,  increase  the  curvature  of  the  (outer)  wall  and  Inininfc 
(transverse  ridges),  give  the  latter  n  more  directly  backward 
slope  ;  cause  them  to  develop  accessory  ridges  and  pillars  ; 
and  the  upper  molar  of  the  Tapir  will  pass  through  the 
structure  of  that  of  the  Rhinoceros  to  that  of  the  Horse." 

By  a  further  increase  in  the  obliquity  of  the  ridges  and 
Pro.  165  ('). 


in  their  curvature  (c  and  iTj,  they  become  parallel  to  the 
external  or  antero-posterior  ridge  (wall),  and  bend  round 
until  they  again  touch  it,  thus  arching  round  and  completely 
encircling  the  sinuses  (ci  and  the  space  between  e.  and  d)  in 
the  Rhinoceros  tooth.  In  this  way  the  unsym metrical  pattern 
of  the  Rhinoceros  tooth  may  be  supposed  to  become  trans- 
formed into  the  comparatively  symmetrical  one  of  the  Horse 
or  of  the  ruminant. 

The  outer  ridge  or  wall  is  in  the  upper  molar  of  the  horse 
doubly  bent,  the  concavities  looking  outwards.  The  trans- 
verse ridges  start  inwards  from  its  anterior  end  and  from  its 
middle,  and  they  curve  backwards  as  they  go  to  such  an 
eifent  as  to  include  crescentic  spaces  (between  themselves 
and  the  outer  wall).     To  this  we  must  add  a  vertical  pillar, 

(')  Holar  tooth  >>£  Horae,  showing  the  characteristic  pattern  of  v 


* 

pillar,  J 

ti  iti  I 
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which  is  slightly  connected  with  the  posterior  end  of  each 
crescentic  edge  (this  pillar  is  in  Hipparion  quite  detached). 

The  lower  tnolurs  of  the  horae  present  the  double  creacent, 
just  lite  those  of  the  rhinoceros,  save  that  vertical  pillars 
are  attached  to  the  posterior  end  of  each  creacent,  thus 
slightly  complicating  the  pattern  of  the  worn  surface.  The 
interspaces  of  the  ridges  and  pillar  are  in  the  horse  solidly 
filled  in  with  cemeutum.  The  extinct  ancestors  of  the  horBe 
are  now,  however,  pretty  well  known,  thnnka  to  the  researches 
particularly  of  Prof  Marsh ;  starting  with  the  Eohippus,  no 
larger  than  a  foi,  with  four  well-developed  toea  and  a  rudiment 
of  the  fifth  (forefoot),  through  the  Eocene  Orohippus  {4-toed), 
the  Miocene  Mesohippua  as  laz^e  aa  a  sheep  {3-tood,  with  rudi- 
mentary splint),  the  Upper  Miocene  Miohippus  (3-toed),  the 
Lower  Pliocene  Protohippiis,  aa  largo  as  an  aas  (3-toed,  but  _ 
only  the  middle  one  reaching  the  ground),  which  was  like  the 
European  Hipparion,  and  the  Pliocene  Pliohippus,  which  has 
lost  the  small  hoofleta,  whilat  in  the  Upper  Pliocene  the  true 
Equus  first  appeal's. 

Eohippua  had  forty-four  teeth,  the  molars  being  quite 
distinct  from  the  premolars,  with  short  crowns  and  roots  ; ' 
in  Orohippus  the  last  premolar  is  like  the  true  molars,  while 
in  Mesohippua  two  premolars  are  like  the  true  molais. 

Tlie  other  characters  of  the  teeth  ai'e  shown  in  the  diagram 
better  than  they  can  be  conveyed  in  words. 

If  we  had  specimens  of  most  of  the  Ungulates  which  ever 
lived,  there  would  be  no  doubt  as  to  the  relationship  of  the 
various  patterns  :  aa  it  is,  we  are  embarrassed  by  the  lack  of 
the  material,  which  leaves  gaps  too  great  to  bridge  over 
without  some  amount  of  speculation.  As  it  is.  Professor 
Flower  divides  the  principal  varieties  of  ungulate  molars 
I  (Phil.  Trans.,  1874)  into  three  :— 

(l)  That  in  which  the  outer   wall  is  feebly  developed, 

(')  Ancient  Jeer  aXm  Lad  short  crowns  to  their  maloj:  teeth. 
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EoOKKK. 

(hohijipus. 


w 


(')  Auceetiy  of  the  Hone.     After  Maj^. 
The  Forefaot  and  euifac«B  of  upper  imd  lower  loduir 
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aud  transverae  ridges  become  the  prominent  features,  as  in 
the  tapir. 

(ii.)  That  in  which  the  outer  wall  is  greatly  developed 
and  more  or  less  smooth,  the  transverae  ridges  being  obliiiuo, 
OS  in  the  rhinoceros. 

(iii.)  Thiit  in  which  the  outer  Burface  and  edge  of  the 
outer  wall  is  zigzagged,  or  bicresceiitic,  as  in  the  horse  and 
paiffiotheriiim. 

Ec[iiiu. — The  horse  is  furnished  with  the  full  mommctlian 
number  of  teeth,  the  dental  formula  being — 
.31+        3 

The  canines,  however,  are  rudimentary  in  the  female,  whilst 
in  the  male  they  are  well  developed  (in  the  gelding  they  are 
of  the  same  size  as  in  the  entire  horse) ;  and  the  first  pre- 
molar, which  has  no  predecessor,  is  also  rudimentary,  and  is 


Fin.  187('). 


lost  early.  A  considerable  interval  e.tistB  between  the 
incisors  and  the  premolars  and  molars,  which  latter  are  very 
similar  to  one  another,  both  in  shape,  size,  and  in  tlie 
pattern  of  the  grinding  surface. 

Mares  occaaionally  have  all  four  canines,  but  more 
commonly  they  have  only  the  lower  ones. 

The  incisors  of  the  liorse  are  large,  strong  teeth,  set  in 
close  contact  with  one  another;  the  teeth  of  the  upper  and 
lower  jaws  meet  with  an  "edge  to  edge  bite,"  an  arrange- 

(')  Alien  of  crown  of  an  appar  incisoi   of  o  Horse,  not  yet  eoDipletdj 
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nient  which,  while  it  ia  eminently  adapted  for  graziog,  leads 
to  groat  weannK  down  of  t!ia  crow  ns  An  incisor  of  a  horse 
or  other  animal  of  the  genua  may  be  at  once  recognized  by 
that  peculiarity  which  le  known  as  the  "  mark." 

From  the  gnndiug  nurfate  of  the  crown  there  dips  in  i 
deep  fold  of  euimel,  forming  a  cul  de  eac.  Ab  this  pit  doc 
not  extend  the  nhole  depth  of  the  crown,  and  the  i 

Fig.  16S(').  I 


of  a  horse  are  submitted  to  aeverti  wear,  the  fold  eventUE 
gets  worn  away  entirely,  and  thewoni  eurfaceof  the  dentine-' 
termed  the  "table"  presents  no  great  peculiariti  But  as 
this  wearing  down  of  the  crown  takes  place  at  something  like 
a  regular  Kite,  horse  dealers  are  enabled  to  judge  of  a  horae'a 
ago  by  the  appearance  of  the  mark  upon  the  different  inoisois. 
The  "mark"  exists  in  Hipparion,  but  not  in  the  earlier 
progenitors  of  the  horse. 


(I)  Ire 


the  marks  at  v! 


t  Btagije  d£  1 
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A  horse  attains  to  its  adult  dentition  very  slowly.  A  foal 
is  bom  with  the  two  central  incisors  in  eauh  jaw ;  when 
nine  weeks  old  it  haa  four. 

At  2J  jeare  the  temporary  central  incisors  are  shed,  at  3| 
the  lateral,  and  at  4|  the  comer  incisora,  and  at  5  years  the 
horse  is  said  to  have  a  "  full  mouth."     As  the  rate  of  wear 


Fio  1-0  (') 


■  upon  the  central 


IB  equal  the  mark  gets  worn  out  sooue 
incisors  and  Ijst  upon  the  corner  teeth 

At  sn  the  age  is  judged  of  chiefly  by  the  near  of  the 
comer  teeth  as  the  ca\ityin  centrals  is  nearl}  worn  out,  and 
the  table  nearly  complete  on  the  comer  teeth  At  the 
eighth  year  the  central  table  la  rvther  triangular  while  from 
8  to  10  years  the  small  circle  remains  on  centrals,  and  a 
round  ring  of  enamel  on  comer  teeth. 

After  12  years  the  mark  has  wholly  gone  from  centrals, 
and  there  is  no  certainty  as  to  age. 

(I)  SLila  Ti 
the  incisors  btg  acen  the  < 
piemolac  and  mular  seiiea 


i 


r 
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After  the  "  mark  "  ia  worn  away  the  centre  of  the 
is  marked  by  a,  difference  of  colour,  due  to  the  preBence  of 
secondary  dentiue,  into  which  the  remainB  of  the  pulp  has 
been  converted. 

While  in  the  normal  dentition  the  horae  has  only  three 
premolara,  yet  a  fourth,  sometimes  called  wolfs-tooth,  is 
present  at  the  front  of  the  row,  a  remnant  of  the  fiiller 
dentition  of  Palfcotherium  and  Hipparion. 

The  molars  of  the  horse  are  remarkable  for  their  great 
length ;  they  do  not  grow  from  persistont  pulps,  hut  never- 
theless they  do  go  on  growing  until  a  great  length  of  crown 
of  uniform  diameter  is  made,  subsequently  to  which  the 
short  and  irregular  roots  are  formed.  As  the  upper  working 
surface  of  the  crown  becomes  worn,  the  tooth  rises  bodily  in 
its  socket,  and  when  by  an  accident  its  antagonist  has  been 
lost,  it  rises  far  above  the  level  of  its  neighVKiura.  This 
elevation  of  the  tooth  takes  place  quite  independently  of 
growth  from  a  persistent  pulp,  and,  in  fact,  happens  after 
the  formation  of  its  roots. 

The  pattern  of  the  horse's  molar  has  been  already  de- 
scribed ;  it  should  be  added  that  the  last  molar  differs  from 
the  rest  in  its  posterior  moiety  being  less  developed  than  in 
the  other  teeth. 

As  each  ridge  and  each  pillar  of  the  tooth  consists  of  dentine 
bordered  by  enamel,  and  tho  arrangement  of  the  ridges  and 
pillars  is  complex;  as,  moreover,  cementum  fills  up  the  inter- 
apaces,  itwill  be  obvious  that  an  efficient  roughgrinding  surface 
will  be  preserved  by  the  nnequal  wear  of  the  several  tissues. 
When  a  bit  is  put  into  a  horse's  mouth  it  rests  in  the 
interval,  or  diastema,  which  exists  between  the  incisors  and 
the  commencement  of  the  molar  aeries,  and  the  great  con- 
venience of  the  existence  of  such  a  space  has  led  many 
authors  to  assume  that  the  horse  was  moulded  in  accordance 
with  man's  special  reqiiiremeuts,  so  that  it  might  be  suited 
for  its  subserviency  to  his  wants. 


J 
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But  the  wide  diastema  appeared  in  ttie  remote  ancestors 
of  tiic  Ijorse  long  ages  before  man's  appearance  on  the  earth, 
and  the  advocates  of  tliia  theory  of  design  would,  aa  Professor 
Huiley  suggeats,  have  to  tell  ub  what  manner  of  animal  rode 
the  Hipparion. 

The  milk  teeth  of  all  the  Ungulata  are  very  complete, 
and  are  retained  late ;  they  resemble  the  permanent  teeth  in 
general  character,  but  the  canines  of  the  horse,  as  might 
have  been  expected,  their  greater  development  in  the  male 
being  a  sexual  character,  are  rudimentary  in  the  milk 
dentition. 

To  the  PerisBodactyle  Ungidates  which  are  specially  inte- 
resting on  account  of  their  dentition,  must  bo  added  Homa- 
lodontotherium,  a  tertiary  mammal,  the  remains  of  which 
were  described  by  Professor  Flower  (Phil.  Trans.,  1874). 

It  had  highly  generalised  characters ;  its  teeth  were 
arranged  without  any  diastema,  and  the  transition  in  form 
'  from  the  iront  to  the  back  of  the  mouth  was  exceedingly 
gradual,  so  that  no  tooth  differed  much  from  those  on  either 
side  of  it.  Taking  the  pattern  of  its  molar  teeth  alone  into 
account,  it  would  have  been  without  hesitation  declared  to 
be  very  nearly  allied  to  rhinoceros,  on  which  type  they 
are  formed,  but  the  resemblance  fails  in  the  canine  and 
incisor  region,  and  it  must  be  considered  to  he  one  of  those 
generalised  types  related  to  rhinoceros,  to  Hyracodon  and 
perhaps  connecting  them  with  such  aberrant  forms  aa 
Toxodon, 

The  largest  of  Perissodactjles  equalled  the  olephnnt  in 
sisie,  and  have  been  named  by  Prof.  Marsh  Brontotheridte. 
The  dental  formula  was 

.21  43 

i^c^pmgm^. 

The  incisors  were  small  and  sometimes  deciduous,  and  the 
canines  short  and  stout,  the  lower  being  the  more  conspicuous 


1 

I 

I 
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owing  to  its  being  sepftrated  by  a  slight  diastema  from  the 
premolara,  which  is  not  the  case  in  the  upper  jiiw. 

The  premolara  in  both  jaws  inerease  in  size  from  before 
baekwarda,  and  do  not  differ  from  the  molars  next  them.  In 
the  lower  jaw  the  premolars  and  molars  all  consist  of  two 
crescents,  save  the  last,  which  have  three  creacentic  cuap. 
The  molar  teeth  stand  apart  from  tho^e  of  any  recent  peris- 
sodactyles  in  their  huge  size,  the  aquarish  last  npper  molar, 
for  example,  measuring  four  iuchea  antero-posteriorly  and 
more  than  three  transversely  (Prof,  Marsh,  American  Journal 
of  Science  and  Arts,  1876). 


THE  TEETH   OF  ARTIODACTYLE   UNGTJLAT4. 

Artiodactyle,  or  even-toed  Ungulata,  comprise  pigB, 
potami,  camels,  sheep,  osen,  &c.,  amongst  livii^  animals,. 
They  arc  grouped  into 

(i.)  Bnnodonts,  or  Suina,  comprising  Pigs  and  Hi] 

(ii.)  Selenodonta,  comprising   Anoplotheridic    and    the 
ruminants. 

(a.)  The  Tylopoda  or  Camels. 
(b.)  The    Tragulidte.     Small   deer   of  S,   Asia. 
Chevrotains,    which    are   somewhat    inter- 
mediate between  the  Suidee  and  the  deer. 
(c.)  Pecoro,  or  sheep,  oxen,  and  deer. 
The  primitive   Artiodactyla   all  had  forty-four  teeth  of 
brachyodont  type :    in  later  geological  times  they  became 
long-toothed  (hypsodont)  like  recent  sheep  and  osen. 

Anoplothflridn  are  an  extinct  (Eocene  and  Miocene) 
family,  of  somewhat  specialised  character,  and  apparently  not 
on  the  direct  line  of  descent  of  any  modern  forms. 

Anoplotherium  is  a  genus  of  interest  to  the  odontologist 
becanse  it  possessed  the  full  typical  mammalian  dentition, 
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as  far  aa  the  number  of  the  teeth  went ;  the  teeth  were 
of  nearly  uniform  height,  none  strongly  differentiated  from 
[     those  nearest  to  them  ;  and  they  were  set  in  close  contiguity 
with  one  another,  so  tliat  there  was  no  "  diastema." 

The  lower  molar  teeth  of  the  Anoplotherium  are  built  up 
on  the  same  typo  as  those  of  the  Rhinoceros,  and  present 
tlie  same  double  crescent:  the  upper  molars  are  also  referable 
to  the  same  fundamental  forms,  thouj|;h  the  difference  is 
greater.      The  laminra  (trauBverse    ridges)  oblique  in  the 

Fio.  inC). 


Rhinoceros,  are  in  Anoplotheriuni  still  more  oblique,  so  that 
they  become  more  nearly  parallel  with  the  outer  wall,  and 
an  accessory  pillar  is  developed  at  the  inside  of  the  anterior 
lamime. 

Not  very  widely  removed  from  Auoplothcrium  is  Oreodon, 
an  Ungulate  of  eocene  age. 

like  a  good  many  tertiary  Ungulates  (both  artiodactyle 
and  perissodactyle)  it  had  the  full  typical  number  of  teeth, 
forty-four  ;  but  its  interest  to  the  odontologifit  ia  enhanced 
by  the  co-existence  of  strongly  marked  canines  with  molars 
very  much  like  those  of  ruminants,  a  group  almost  always 
devoid  of  canines. 

In  the  upper  jaw  Oreodon  had 


(')  Bide  Tien-  of  the  dentition  of  AnoplutLerium  (after  Owan), 
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i.e.,  the  typical  number  of  each  kind  of  teeth.  But  in  the 
lower  jaw  the  first  four  teeth  are  like  incisors,  and  the 
tooth  which  ia  like  &  canine  is  not  the  tooth  corresponding 
to  the  upper  canine,  but  to  the  small  upper  first  premolar. 

This  ia  a  fair  illustration  of  the  fact  that  although  in 
nature  it  is  generally  the  same  tooth  which  is  modified  to 
perform  the  function  of  a.  cauine,  it  is  not  invariably  the 
same  ;  for  here  in  the  same  animal  ai'e  two  different  teeth 
in  the  upper  and  lower  jaws  thxia  respectively  modified. 


_  And  as  they  are  difierent  teeth,  it  happens  that  the  upper 
(canine)  closes  in  front  of  tho  lower. 

There  is  reason  to  believe  that  there  was  aome  diff'erence 
in  the  size  of  canines  between  the  male  and  female  Oreodon. 

In  Artiodactyle  Ungnlata  the  premolars  differ  markedly 
both  in  size  and  pattern  from  the  true  molars. 

Of  those  Artiodactyle  Ungulates  which  are  not  ruminants 
the  coromon  pig  may  be  taken  as  an  example. 


The  dental  formula  is  i 


3      1 

3'=-l^ 


The  position  of  the  upper  iucisoi-s  is  pecuHar,  the  two 
central  upper  incisors,  separated  at  their  bases,  being  inclined 
towards  one  another  so  that  their  apices  are  in  contact ;  the 


r 
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third  pair  are  widely  separated  from  the  inner  two  pairs  of 
incisors.  The  lower  incisors  are  straight,  and  are  implanted 
in  both  upper  and  lower 
are  much  smaller  than 


n  having  upon  their  upper 


in  nn  almost  horizontal  position  : 
jaws  the  third  or  outermost  ii 
the  others. 

The  lower  incisora  are  peculia 
surfaces  a  strongly  pronounced  sharp  longitudinal  ridge  of 
enamel,  which  gets  obliterated  by  wear. 

An  interval  separates  the  incisors  from  the  canines,  which 
latter  are  very  much  larger  in  the  male  than  in  the  female, 
and  in  the  wild  boar  than  in  the  domesticated  animal. 
Castration  arrests  the  further  development  of  the  tusks  ;  tlie 
peculiarities  aa  to  size  and  direction  which  characterise  the 
tusks  of  the  adult  animal  are  not  represented  in  the  canines 
of  the  milk  dentition,  about  which  there  is  not  much  that 


loteworthj,  save  that  the  young  pig  has  dec.  1 


■4' 


of 


which  the  first  remains  in  place  till  the  permanent  dentition 
is  nearly  complete,  and  then  falls  out  without  having  any 
successor  ;  or  it  may  perhaps  be  regarded  as  a  permanent 
tooth  which  has  had  no  predecessor. 

A  similar  condition  as  to  early  loss  of  the  tooth  immediately 
behind  the  canine  obtains  in  the  Dog  and  in  the  Hippo- 
potamus, their  dental  formulse  being  generally  written  p.  — . 

The  form  and  direction  of  the  canines  are  alike  peculiar; 
the  upper  canine,  which  in  its  curvature  describes  more 
than  a  semicircle,  leaves  its  socket  in  a  nearly  horizontal 
direction,  with  an  inclination  forwards  and  outwards.  After 
rounding  past  the  upper  lip  its  terminal  point  is  directed 
upwards  and  inwards.  The  enamel  upon  the  lower  surface 
of  the  tusk  is  deeply  ribbed ;  it  docs  not  uniformly  cover  the 
tooth,  but  is  disposed  in  three  bands.  The  lower  canines 
are  more  slender,  of  much  greater  length,  and  hy  wear 
more  sliarply  pointed  than  the  upper  ones :  thej 
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pasa  in  front  of  the  latter,  and  the  Trorn  faces  of  the  two 


The  lower  cauiue  is  in  section  triangular,  one  edge  being 
directed  forwards,  and  its  aides  being  nearly  flat.  Enamel 
is  confined  f  o  the  internal  and  external  anterior  surfaces ; 
the  posterior  surface,  which  plays  against  the  upper  canine,  is 
devoid  of  enamel,  and  the  tooth  is  kept  constantly  pointed  by 
the  obliquity  with  which  its  posterior  surface  is  worn  away. 
The  tusks  of  a  boar  are  most  formidable  weapons,  and  are 


capable  of  disembowelling  a  dog  at  a  single  stroke,  but  they 
are  greatly  exceeded  by  those  of  the  African  Wart-hog 
Phacochoarus),  which  attain  to  an  immense  size. 

Jn  the  domestic  races  the  tusks  of  the  boars  are  much 
smaller  than  in  the  wild  animal,  and  it  is  a  curious  fact 
that,  in  domestic  races  which  have  again  become  wild  the 
tusks  of  the  boars  increase  in  size,  at  the  same  time  that 
the  bristles  become  more  strongly  pronounced.  Mr.  Darwin 
suggests  that  the  renewed  growth  of  the  teeth  may  perhaps 
be  accounted  for  on  the  principle  of  coiTelation  of  growth, 
external  agencies  actmg  upon  the  skin,  and  so  indirectly 
influencing  the  teeth. 

As  in  most  Artiodactyles,  the  teeth  of  the  molar  series 

{')  Upper  anil  lowtr  teeH  of  Wild  Boar  (Sua  scrofa).  In  this  specimen 
the  tHska  are  not  so  larytlj  developeil  »e  they  fiometimes  maybe  seen  to  he. 
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increase  in  eize  from  before  hnckivards  :  thus  the  first  pre- 
ronlar  (Imilk  molar)  has  a  simple  wedge-shaped  crown,  aod 
two  roots  ;  the  second  and  third  by  transitional  characters 
lead  to  the  foiu^  premolar,  which  has  a  broad  crown  with 
two  principal  cusps,  and  has  four  roota. 

Tlie  first  tnie  molar  has  four  cusps  divided  from  one  another 
by  ft  crucial  depression ;  and  the  ciugulum  in  front,  and  yet 
more  markedly  at  the  back,  is  elevated  into  a  posterior  trans- 
verse ridge.  In  the  second  molar  the  transverse  ridge  is  more 
strongly  developed,  and  the  four  cusps  are  themselves  some- 
what divided  up  into  smaller  accessory  tubercles. 

The  last  molar  measures,  from  front  to  back,  nearly  twice  as 
much  as  the  second;  and  this  great  increase  in  size  is  referable 
to  a  great  development  of  the  part  corresponding  to  the 
posterior  ridge  or  cinguhim  of  the  second  molar,  which  has 
become  transformed  into  a  great  many  subsidiary  tubercles. 

That  such  is  a  correct  interpretation  of  its  nature  is  indi- 
cated by  our  being  able  to  trace  the  four  principal  cusps, 
though  modified  and  not  divided  ofl',  in  the  front  part  of  the 
tooth,  of  which,  however,  they  do  not  constitute  more  thau 
a  small  part.  Those  Ungulates  in  which  the  surfaces  of  the 
molar  teeth  arc  covered  by  rounded  or  conical  cusps,  are 
termed  "  bunodonts,"  in  contradistinction  to  those  which 
present  crracentic  ridges  on  the  masticating  surface  of  their 
molars,  and  which  go  by  the  name  of  "  selenodonts." 

In  the  Wart-hog  (Phacochcerus),  the  genus  with  very  large 
■  canines,  the  disproportion  between  the  last  true  molar  and 
the  other  teeth  is  yet  more  striking. 

In  ant«ro-postcrior  extent  the  third  molar  equals  the  first 
and  second  true  molars  and  the  third  and  fourth  premolars 
(the  whole  number  of  teeth  of  the  molar  series  possessed  by 
the  animal)  together. 

When  a  little  worn  its  surface  presents  about  thirty  islands 
of  dentine,  surrounded  by  rings  of  enamel,  the  interspaces 
and  the  exterior  of  the  whole  being  occupied  by  cementum. 


I 
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Of  course,  prior  to  the  commencement  of  wear,  each  of  theae 
islands  was  an  enamel-coated  cusp. 

The  Wart-hog's  dentition  has,  however,  another  instnictive 
peculiarity ;  the  first  tme  molar  is  in  place  earlv,  and  be- 
comes mnch  worn  down  (this  is  true,  in  a  less  degree,  of  the 
common  pig,  and  indeed  of  moat  Ungnlata).     Eventually  it 


is  actually  shed ;  the  same  fatfi  later  befalla  the  third  pre- 
molar and  second  true  molar,  so  thut  the  dentition  in  an 
uged  specimen  is  reduced  to  the  fourth  premolar  and  the 
third  true  molar  alone,  and  eventually  to  the  last  true 
molars  alone.  Thus,  both  in  the  great  complexity  of  the 
back  molars  and  the  fact  that  the  anterior  teeth  are  worn 
out  and  then  discarded,  the  Wart-hog  affords  a  parallel  to 
the  anomalous  dentition  of  the  elephant. 

(')  Upjier  and  lower  teetb  of  Flmcochterus.  la  the  npper  jav,  the  tut 
tiiD  preinolBrs,  and  the  much-wom  ttntt  true  molar  rsm&in.  In  the  loirBI 
all  have  been  shed  off,  saxe  the  laat  two  true  molars.  From  a  Bpecimea 
In  the  Muaeum  of  the  Eoyal  College  of  Surgeons. 
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An  has  already  l)een  noticed,  the  upper  Oftninea  in  the 
boar  turn  outwards  and  finally  upwards,  so  oa  to  piiss  out- 
side the  upper  lip ;  this  peculiarity  in  direction,  yet  more 
marked  in  PhacochceruB,  atttuOB  its  maximum  in  the  Sus 
babirussB. 

This  creature,  strictly  confined  to  the  Malay  Archipelago, 
where  it  freqnentB  woody  places,  has  (in  the  male)  the  upper 
and  lower  canines  developed  to  an  enormous  extent  The 
upper  oanineB  are  turned  upwards  ao  abruptly  that  they 


pierce  the  upper  lip,  iustead  of  passing  outside  it  as  in  other 
Suidffi,  preaerve  a  nearly  upright  direction  for  some  little 
distance,  and  then  curve  backwards,  so  that  their  points  are 
directed  almost  towards  the  eyes. 

The  lower  canines  are  less  aberrant  in  direction  and  in 
ahape,  being  somewhat  triangular  in  section,  but  they  also  are 
of  very  great  length,  aud  pass  upwards,  far  above  the  level 
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of  the  BKoiit ;  their  points  are  also  directed  backwards,  but 
have  in  addition  an  outward  inclination.  The  canines  are 
devoid  of  enamel,  and  grow  from  persistent  pulps,  a  fact 
which  eometimea  has  a  disastrous  result,  for  the  tip  of  the 
tooth,  occasionally  taking  a  wrong  direction,  re-enters  the 
head  or  the  jaws  of  the  animal. 

Their  length  ia  very  great;  the  animal  is  smaller  than  the 
domesticated  pig,  bnt  its  canines  attain  a  length  of  eight  or 
ten  inches.  Their  use  ia  a  matter  of  conjecture;  the  position 
of  the  upper  tuska  has  suggested  the  idea  that  they  may 
serve  as  a  protection  to  the  creature's  eyes,  as  it  seeks  its 
food,  consisting  of  fallen  fruits,  amongst  the  brushwood.  But 
were  that  the  case  the  female  also  would  probably  have 
them,  which  is  not  the  Ciise,  the  upper  canine  lieing  only 
about  ^  inch  long,  though  it  is  everted  and  is  beginning  to 
turn  upwards;  the  lower  tooth  is  a  little  larger;  and  although 
in  old  animals  they  are  often  broken  off,  it  ia  not  certain  that 
they  are  much  employed  in  fighting.  Its  other  teeth  are  in 
no  respects  remarkable. 

Hippopotamna. — The  dental  characters,  aa  well  as  others, 
indicate  the  affinity  of  the  Hippopotamus  to  the  Suidee. 


1        4 


The  incisors  are  tusk-like,  and  bear  but  little  resemblance 
those  of  most  other  mamnialia ;  they  are  nearly  cylindrical, 
bluntly  pointed  at  their  apices  by  the  direction  of  wear, 
and  this  is  in  some  measure  determined  by  the  partial  distri- 
bution of  the  enamel,  which  ia  laid  on  in  longituilinal  bands 
in  the  upper  teeth,  but  merely  forms  a  terminal  cap  on  the 
lower  incisors. 

The  upper,  standing  widely  apaii,  are  implanted  nearly 
vertically  :  the  lower  incisors,  of  which  the  median  pair  are 
exceedingly  large,  are  implanted  horizontally. 

s  teeth;  the  lower,  as  in  the  Hog, 


ri 
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«re  trihedml,  and  are  kept  pointed  in  the  same  manner ;  the 
vipper  canines  are  Lot  ao  long,  and  the  portion  esposed  above 
the  gum  is  relatively  short. 

The  incisors  and  taiuinoa  are  all  alike  teeth  of  persistent 
growth. 

The  premolars,  of  which  the  first  is  lost  early  (being,  like 
the  similar  tooth  in  the  pig,  perhaps  a  milk  molar)  are 
smaller  and  simpler  teeth  built  up  on  the  saroe  type  as  the 
tnie  molars. 

These  latter,  especially  when  worn,  have  a  very  character- 
istic double  trefoil  pattern  ;  the  four  cusps,  in  the  first  in- 
stance, were  separated  by  a  deep  longitudinal  and  a  still 
deeper  transverse  groove  ;  each  cusp  was,  moreover,  trilobedj 
the  first  result  of  wear  is  to  bring  out  the  appearance  of 
four  trefiiils;  next,  when  the  longitudinal  furrow  ia  worn 
away,  two  four-Jolwd  figures  result ;  and  finally  all  pattern 
becomes  obliterated,  and  a  plain  field  of  dentine  suirounded 
by  enamel  alone  remaina. 

The  teeth  of  the  Hippopotamus  are  subject  to  a  great 
amount  of  attrition,  !ia  is  well  shown  by  a  specimen  pre- 
sented to  the  Museum  of  the  Odontological  Society,  in  which 
the  molar  teeth  are  all  excessively  worn.  The  Hippopotami 
use  their  incisors  and  canine  tusks  for  the  purpose  of  up- 
rooting aquatic  plants,  of  which  their  food  mainly  consists  : 
the  roots  of  these  are  of  course  mixed  up  with  much  sand, 
which  wears  down  the  teeth  with  great  rapidity.  The  larger 
3  and  the  canines  are,  and  for  centiiries  have  been, 
articles  of  commerce,  the  ivory  being  of  very  dense  substance 
And  useful  for  the  manufacture  of  small  objects. 

The  remaining  Selenodont  Ungulates  arc  divided  into  the 
Tylopoda  (Camels),  the  Tragulina  and  Pecora. 

-The  Camels  have  both  upper  i 
dental  formula  being ; — 

.113 

1  ._  c  -  p  -  r 

3      1  '   2 
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The  first  two  pairs  of  upper  incisors  are  absent,  but  the 
third  or  outermoBt  paira  are  present,  and  are  rather  caniniform 
in  shape.     lu  quite  young  bIiiiIIb  sis  upper  incisors  are  pre- 


sent,  but  the  two  inner  pairs  are   lost   very  early. 
I  are   strong   pointed  teeth,  and   the   lower   i 


stands  well  apart  from  the  three  inciaora  of  the  lower  jav, 
unlike  the  fourth  tooth  in  front  of  the  mandible  of  tjpical 
pecora  (see  Fig.  178). 

The  first  premolars  are  absent  altt^ether;  the  second  pre- 
molars, following  the  canines  after  an  interval,  are  pointed 
caninifoiTO  teeth.  The  third  premolar  is  sometimes  lost 
early,  but  the  fourth  persists. 

The  molars  of  the  Camel  are  of  the  "  Selenodont "  type ; 


■  jai^       ] 


(')  Upper  and  lower  teeth  of  a  Camel. 
{})  Selenodont  molar  of  a  deer. 


J 


r 


THE    TESTS    OF   ARTIODACTYLE    USGVLATA.     411 

their  derivation  from  forma  already  alluded  to  will  be 
Hitffioiently  obvious  to  the  reader  who  has  mnstered  the 
descriptions,  and  their  double  creacentio  crowiia,  oifty 
be  taken  as  fair  examples  of  simple  ruminant  patterns, 
accessory  pillars,  Jic,  being  added  in   some  of  the  other 


The  Traguliua  or  Chevrotaina,  sometimes  called  Figmy 
Musk  Deer,  though  aomewhat  intermediate  between  the  Pigs 
and  Deer,  and  zoologically  distinct  enough,  do  not  differ  in 
their  dentition  from  the  true  ruminants,  with  which  they 
may  be  noticed  here. 

The  hollow-homed  ruminants  (sheep  and  oien  and  ante- 
lopes), and  hkewise  almost  all  the  aohd  homed  ruminants 
(deer)  have  the  following  dental  formula : — 

.00  133 

1^  c-  or  c  ^p^m-. 

The  lower  incisors  are  antagonised  not  by  teeth,  but  by 
a  dense  gum  which  clothes  the  fore  part  of  the  upper  jaw ; 
if  a  sheep  is  watched  ae  it  feeds,  it  will  be  seen  to  grasp  the 
blades  of  grass  between  the  lower  teeth  and  the  gum,  and 
then  to  tear  them  off  by  an  abrupt  movement  of  the  head, 
as  it  would  be  impc^sible  for  it  to,  strictly  speaking,  bite 
it  off. 

The  anomaly  of  the  entire  absence  of  upper  incisors  was 
held  to  have  been  diminished  by  the  statement  of  Goodsir, 
who  believed  that  uncalcified  tooth  germs  were  to  be 
foand  in  the  foatuaes  of  many  species.  ( As  this  was  precisely 
what  might  have  been  espectcd,  it  has  since  that  time 
passed  cun'ent  as  an  established  fact;  but  M.  Piefkewickz, 
working  in  the  laboratory  of  M,  Cb.  Kobin,  has  absolutely 
denied  the  occurrence  of  even  the  earliest  rudiments  of 
tooth  germs  in  this  situation,  after  an  examination  of  a 
series  of  fostuses  of  the  sheep  and  cow,  ranging 
from  the  earliest  periods.     {Journal  d'Anatomie,  par  C.  H. 
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Kobin,  1873,  p.  453.)     Since  meeting  with  this  statement 
I    have    had    no    opportunity   of    veriljing    this    matter 

my  self. 

Grouped  with  the  aix  incisors  of  the  lower  jaw,  and  in  no 
respect  differing  from  tbem,  rise  the  pair  of  teeth  which  are 
very  arbitrarily  termed  "  canines."  As  I  cannot  attempt  to 
do  more  in  these  pages  than  give  the  most  bare  outline  of 
generidly  wetl-linowii  facts,  I  have  retained  the  usuaJ  dental 
formula,  i  -  c  — ;  though  uader  protest,  as  I  do  not  con- 
sider the  "  canine  "  to  have  any  such  distinct  existence  as 
would  justify  our  calling  a  tooth  which  is  ao  obviously  refer- 
able to  the  incisors  by  any  distinctive  name. 

Although  the  absence  of  upper  canine  teeth  is  a  very 
general  characteristic  of  ruminants,  rudimentary  canines 
exist  in  some  deer,  and  I  am  indebted  to  the  kindness  of 
Sir  Victor  Brooke,  a  high  authority  upon  the  Cervidce,  for 
the  following : — 

"  The  upper  canines  are  present  in  both  eeses  in  all  the 
species  of  Cermdie,  with  the  exception  of  Alcea,  Kangifer, 
Dama,  some  smaller  species  of  Kusa,  Axis,  Capreolus,  Oarior 
CUB,  Blastocerus,  Coassiis,  and  Pudu.  The  upper  canines, 
when  present,  are  with  the  notable  exception  of  Mosehua, 
Elaphodue,  Cervulus,  and  Hydropotes,  small  laterally  com- 
pressed rudimentiirj'  teeth.  Their  crowns  are  in  about  the 
same  stage  of  reduction  as  the  crowns  of  horses'  canines, 
hut  their  roots  are  relatively  much  more  reduced."  Hence 
they  are  often  lost  in  dried  skulls,  and  it  has  generally  been 
supposed  that  but  few  deer  possessed  canines  at  all. 

The  hornless  musk  deer  possesses  upper  canines  of  moat 
formidable  dimensions,  while  the  female  has  very  small 
subcylindrical  canines. 

The  male  pigmy  musk  deer  (Tragulus)  has  largo  canines 
of  persistent  growth,  the  female  small  canines  with  cl< 
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The  Indian  Mimtjac  deer  {Cervtilus)  bas  somewhat  smfdl 
horns,  which  are  perched  upon  persistent  bony  pedicles, 
and  it  haa  upper  canines  which  are  ciirved  outwards  from 
beneath  the  upper  lip,  much  as  are  the  tusks  of  a  boar  \ 
they  do  not,  however,  grow  from  persistent  pulps,  and  are 
absent  in  the  female. 

L  Flu.  178(1). 


Cuvier  first  pointed  out  that  there  ■was  a  relation  between 
the  presence  of  horns  and  the  absence  of  canine  teeth  ;  the 
latter,  serving  us  weapons  for  sexual  combat  solely,  and 
beii^,  probably,  in  no  other  way  of  service  to  the  animal, 
are  not  required  by  an  animal  prOTided  with  powerful  antlers 
or  horns,  whereas  the  absolutely  hornless  musk  deer  would 
be  totally  unprovided  with  weapons  of  offence  were  it  not  for 
his  canines.  To  the  musk  deer  and  the  muntjac  must  be 
added  Swinhoe's  water  deer,  Hydropotes  inermis,  which  haa 
oaninea  shorter  and  stouter  than  Moschus,  and  Michie'a  deer, 
Elaphodus  cephalopua,  another  small  hornless  species,  of 
which  the  males  are  furnished  with  formidable  canine  teeth, 
which  are  not  so  long  as  those  of  Moaehus,  but  are  flattened 
from  side  to  side,  and  are  very  strong. 

(')  Cranium  of  malt  Musk  deer  (Moschus  moscbiferua). 
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Although,  with  the  foregoing  exceptions,  all  the  deer, 
oxen,  eheep,  antelopes,  and  the  giraffe,  animala  conatitnting 
the  greater  aumber  of  the  "Runiioantia,"  are  w-ithout 
canine  teeth,  jet  in  the  Camelidse,  tusk-like  canines  are 
met  with. 

It  is  a  character  of  the  Artiodactyle  Ungulata  that  the 
premolar  teeth  are  of  decidedly  simpler  form  than  the 
molars  :  in  the  ruminants  the  premolars  may  be  said  each 
to  roughly  correspond  to  one  half  of  a  true  molar,  and  the 
premolars  and  molars  form  a  continuous  aeries. 

In  all  true  Ruminants  the  last  true  molar  of  the  lower 
jaw  has  a  third  lobe  ('),  and  the  line  of  the  outer  Kurface 
of  the  row  of  teeth  is  rendered  irregular  by  the  anterior 
edge  of  each  tooth  projecting  outwards  slightly  more 
than  the  posterior  border  of  the  one  in  front  of  it.  And 
the  deviations  in  the  patterns  of  the  surfaces  of  the  molar 
teeth  are  so  constant  and  so  characteristic  that,  although 
the  common  ruminant  pattern  is  preserved  in  all,  it  is 
often  possible   to  refer   an   individual   tooth  to   its    right 

The  Ruminants  all  have  a  well-developed  milk  dentition, 
which  serves  the  animal  for  a  long  time,  indeed  until  after 
it  has  attained  to  its  adult  dimensions  ;  thus  a  sheep  has  not 
completed  the  changing  of  its  teeth  till  the  fiftli  year,  and 
a  calf  till  the  fourth  year.  But  the  first  permanent  molar 
is  in  them,  as  in  so  many  other  aninmls,  the  first  of  the 
permanent  set  to  be  cut,  and  comes  up  in  its  place  at  the 
sixth  month  (in  the  lamb),  and  hence  has  a  long  period 
of  wear  before  any  of  the  other  second  teeth  are  cut 
Consequently  the  first  permanent  molar  is,  as  is  seen  in 
Fig.  1 76,  invariably  worn  down  to  a  much  greater  extent  than 
the  other  permanent  teeth  ;  in  the  specimen  figured  it  has 
been  worn  down  below  the  inflections  of  enamel,  ao  that  it 


(1)  Sir  Vii^tor  Brooke  informs 
AbysainioJi  antolope,  has  only  tv 
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has  lost  its  roughened  grinding  surface,  and  is  reduced  to  a 
smooth  area  of  dentine. 

Not  much  is  known  of  the  stnictnre  of  the  dental  tissues 
of  the  Cugulata  calling  for  mention  in  an  elementary  work. 
The  thick  cement  of  the  orowm  of  the  teeth  of  the  Horse, 
and  indeed  of  most  of  the  group  which  possess  thick  cement, 
oontains  many  "encapsuled  lacunic,"  and  is  developed  from 
ft  distinct  cement  organ  of  cartilagiuous  conaisteuce. 


AMBLIPODA. 

The  Polydactyle  Ungulates  form  an  ill-defined  group,  to 
which  Hjrax  and  ProboBcidea  may  he  referred,  as  well  as  a 
number  of  extinct  forma,  mostly  American,  the  exact 
"affinities  of  which  remain  uncertain. 


TOXODONTIA. 


The  existing  ungulate  animals  form  only  a  Smiiil  proportion 
of  those  once  peopling  the  earth,  and  many  estinct  forms 
have  been  discovered,  which  while  forming  atEnitios  with  the 
Ungulata,  can  yet  hardly  bo  classified  imder  any  existing 
order.  For  example,  Tosodon,  a  creatiu'e  equalling  the 
Hippopotamus  in  size,  which  was  discovered  by  Mr,  Darwin 
in  late  tertiary  deposits  of  South  America,  has  a  dentition 
recalling  in  some  respects  the  Bruta,  in  others  the  Eodents. 

Its  dental  formula  was 

'  2  "  1  ^  3  ^  3" 
It  possessed  in  the  upper  jaw  two  pairs  of  incisors,  the 
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median  pair  small,  the  outer  exceedingly  large,  with  per- 
sistent pulps,  nnd  lung  curved  sockets  extending  back  to  the 
region  of  the  molars,  just  aa  in  esiatlng  Rodents. 

In  the  lower  jaw  there  were  three  pairs  of  incisoi'8,  aub- 
equal  in  size,  and  growing  from  persistent  pul]>a  ;  they 
resemble  the  incisors  of  Rodents  in  hjiTiog  a  partial  invest- 
ment with  enamel,  but  differ  from  them  in  being  priamatio 
in  section,  and  in  having  the  enamel  disposed  on  two  aides 
of  the  prism. 

The  molars  were  also  very  remarkable  ;  they  grew  from 
persistent  pulps,  and  had  curved  sockets,  but  the  curvature 
of  these  was  in  the  reverse  direction  to  that  which  obtains 
in  Rodents,  i.e.,  tlie  convexity  was  outwanJs,  and  the  apices 
of  their  roots  almost  met  in  the  middle  line  of  the  pidate ;  it 
was  this  peculiarity  that  suggested  the  name. 

Another  peculiarity  in  the  molar  teeth,  in  which  they 
stand  quite  alone,  is  that,  like  incisors,  they  have  a  partial 
investment  with  enamel ;  those  referred  to  the  premolar 
series  having  it  confined  to  their  outer  surfaces,  while  the 
three  back  teeth  of  the  molar  aeries  had  a  plate  also  laid  on 
to  their  inner  surfaces  ;  there  were  seven  back  teeth  above, 
and  sis  below. 

In  the  interval  between  tho  inciaor  and  molar  series 
canines  have  been  found  in  the  lower  jnw ;  they  were  sharp 
edged,  and  had  a  partial  distribution  of  enamel  over  their 
surface.  In  an  upper  jaw  alveoli  for  canines  were  found,  but 
the  teeth  themselves  are  not  known. 

Another  animal  from  the  same  locality  (Mesotherium) 
had  somewhat  similar  characters,  though  it  was  not  nearly 
BO  large  ;  it  had 

.  1_     0  9       3 

the  incisors  (of  persistent  growth)  standing  apart  from  the 
premolar  and  molar  series  just  as  in  the  Rodents. 
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In  the  same  region  which  yielded  the  toothed  birds 
(Eocene  forniatious  of  Wyoming),  the  remains  of  many  huge 
aniiuala  have  been  discovered,  for  which  new  orders  have  been 
proposed  by  Prof,  Marsh  (American  Journal  of  Science  and 
Art,  1876),  it  being  impossible  to  ctaasify  them  under  any 
existing  order.  The  Dinooerata  were  creatui-ea  nearly  as 
large  as  elepjiants,  and  presenting  some  sort  of  resemblance 
to  them  in  general  form ;  they  were  remarkable  for  the 
relative  amallness  of  their  brains,  which  could  apparently 
have  been  drawn  throngh  the  canal  of  the  vertebral  column. 
Tbey  present  points  of  resemblance  to  the  Perissodactyle 
Ungulatii,  and  also  to  the  Proboscidea,  to  which  they  were 
at  first  referred,  though  their  affinities  are  rather  with  the 
former. 

The  dentfil  formula  was 

.01  33 

'   3  '^  1  ^'™  3  "*  3' 

In  Prof.  Miirsb's  words,  "  The  superior  canines  are  long, 
decurved,  trenchant  tusks.  They  are  covered  with  enamel, 
and  their  fangs  extend  upwards  into  the  base  of  the  maxil- 
lary horn-core.  There  is  some  evidence  that  these  tuaks 
were  smaller  in  the  females.  Behind  the  canines  there  is  a 
moderate  diastema.  TJic  moiar  teeth  are  very  small.  The 
orowns  of  the  superior  molars  are  formed  of  two  transverse 
crests,  separated  externally,  and  meeting  at  their  inner 
extremity.  The  first  true  molar  is  smaller  in  this  specimen 
than  the  two  preceding  premolars.  The  last  upper  molar 
ifl  much  the  lai^est  of  the  series. 

"  The  lower  jaw  in  Dinoceraa  is  as  remarkable  as  the  skull. 
Its  most  peculiar  features  are  the  posterior  direction  of  the 
«ondyles,  hitherto  unknown  iu  Ungulata,  an<l  a  massive 
deeur\'ed  process  on  each  ramus  extending  downward  and 
outward  below  the  diastema. 
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"  The  position  of  the  coudyleB  was  necessitated  by  the  long 
upper  tusks,  us,  with  the  ordinary  ungulate  articulation,  the 
mouth  could  not  have  been  fully  opened.  The  low  position 
of  the  condyle,  but  little  above  the  line  of  the  teeth,  is  also 
a  noteworthy  character.     The  long  pendant  proceaaes  were 

Fia.  179  (1).  ^_ 


apparently  to  protect  the  tusks,  which  otherw-ise  would  be 
very  liable  to  be  broken.  Indications  of  similar  processes 
are  seen  in  Sinilodon  and  other  Carnivorea  with  long  upper 
canines.  With  the  exception  of  these  processes  the  lower 
jaw  of  Dinoceras  is  small  and  slender.  The  symphysis  is, 
completely  ossified.  The  sis  incisors  were  contiguous,  and 
all    directed    well   forward.     Just    beliind   these,    and   not 

(')  Upper  and  lower  jaws  of  Diuocems  (Marsh). 
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separated  from  them,  were  the  amall  canines,  which  had  a 
imilftT  direction.  The  crowns  of  the  large  molars  have 
transverse  crests,  and  the  lost  of  the  series  is  the  largest." 

It  would  appear  possible  that  the  eminences  shown  in  the 
figure,  and  spoken  of  as  "maxillary  horn-cores,"  may  be 
merely  the  extended  sockets  of  the  teeth,  which  would  other- 
have  hod  an  implantation  inadequate  to  their  length ; 
they  are,  however,  described  as  solid,  except  at  their  bases, 
where  they  are  perforated  for  the  fang  of  the  canine  tusk, 
which  wonld  look  as  though  thay  were  truly  liora-cores  ; 
moreover  the  BrontotLeridre  had  horn-cores  equally  peculiar 
in  position  (i.e.,  on  the  masiUary  bones). 

Tinooeras,  another  genus,  had  a  very  long  and  slender 
canine,  also  protected,  when  the  mouth  was  closed,  by  a 
downward  prolongation  of  the  lower  jaw  as  i 
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This,  yet  another  new  order,  comprising  several  genera, 
has  been  proposed  by  Prof.  Maiah  for  Wyoming  fossil  re- 
mains, to  receive  forms  which,  though  not  amongst  the 
biggest,  are  "amongst  the  most  remarkable  yet  discovered  in 
American  strata,  and  seem  to  combine  characters  of  several 
distinct  groups  ;  viz.,  Carnivora,  Ungulata,  and  Rodentia." 
In  TiUothorium,  Marsh,  the  type  of  the  order,  the  skull  has 
the  same  general  form  as  in  the  bear,  but  in  its  structure 
resembles  that  of  the  Ungulata.  Its  molar  teeth  are  of  the 
Ungulate  type,  the  canines  are  small,  and  in  each  jaw  there 
is  a.  pair  of  large  scalprifonn  incisors,  faced  with  enamel  and 
growing  from  persistent  pulps,  as  in  the  Rodents.  The 
BBOond  pair  of  incisors  are  small,  and  have  not  persistent 
pulps.  The  adult  dentition  is  as  follows — 
■  2  „  I  , 
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"There  are  two  distinct  families,  Tillolhmdte  (perhaps 
identical  with  Anc/iippodtmtida),  in  which  the  l&rge  incisorij 
grew  from  persistent  pulps,  while  the  molars  had  roota ;  and 
the  StylinadoTitida:,  in  which  alt  the  t«eth  have  persistent 
pulps." 

One  genns  (Drj-ptodon),  known  only  by  the  lower  jaw,  had 
sis  teeth,  described  as  "clearly  incisors,"  the  two  inner  pairs 


of  which  are  small  and  eylindrictd,  the  outer  of  enormous 
size,  faced  in  front  only  with  enamel,  and  with  persistent 
pulps  carried  back  under  the  premolars. 

Whilst  Prof.  Flower  endorses  Prof.  Marsh's  view  that 
Tillodonts  have  Ungulate  affinities  and  resemblances  to 
Eodents  also,  this  is  disputed  by  Mr.  Dall  (Amer.  Syst. 
Dental  Surgery,  Art.  Teeth  of  Vertebrates),  who  says  that  he 
fails  to  discover  any  traces  of  Ungulate  relationship,  and 
he  prefers  to  refer  them  to  those  generalised  forms  with  Insec- 
tivorous aflinitiea  which  Prof.  Cope  groups  as  Buuotheria. 
The  adaptive  character  of  incisors  faced  with  euamcl  and  of 


(')  Upper  and  lower  jaws  of  Tillotheriuni  (Marsh). 
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I  peraiateat  growth  he  would  appear  to  consider  as  not  going 
far  towards  eetabliahiug  more  than  a  superfioial  resemblance 
to  Kodentia. 

The  pattern  of  its  molar  teeth  ia  closely  simOar  to  that  of 
Eathonjx  (Cope),  an  Eocene  mammal  with  a  dentition  re- 
sembling that  of  a  gigantic  Shrew. 
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THE   TEETH   OF   CARNIVORA. 

The  animals  grouped  together  under  the  name  of 
Camivora  are  divided  into  two  sections,  the  Aquatic  and 
the  Terrestrial  Camivora. 

The  terrestrial  Camivora  were  formerly  clasBed  ftH  '■  ditfitiprade  " 
and  "  plaDtigrade,"  a  claeeifioation  ezceedinglf  inoonvenieiLt,  as  it 
left  the  greater  number  of  the  animals  to  be  classified  in  the  de- 
bateable  g^ronnd  between  the  two  extreme  types.  As  a  linear 
olassification  is  impossible,  they  are  now  grouped  aroond  three 
centres :  the  (Elnroidea,  or  cat-like  ;  the  Cynoidea,  or  dog'-like  : 
And  the  Arctoidea.  or  bear-like  Camivora  ;  and,  instead  of  taking 
the  FelidiB.  or  Csts,  as  the  type  of  the  group,  it  is  generally  con- 
■idered  tlutt  the  Dog  tribe  are  the  most  jteneralised  form,  and  that 
the  Cats  are  an  estreme  modification  in  one  direction,  the  Bears  in 
KDOther. 

Hie  Cynoidea   comprise   the   Dog.  and   its   immediate   allies,   the 

Wolves  and  Foies. 
Eie  {Elnroidea,   or  Cat-like   Camivora,   comprise  the    TiverridK 

(Civots).  Hyenas,  and  Cats. 
IThe   Aictoidea,  or   Bear-like   Camivora,   comprise   the   Mustelidm 

(Weasels),  Procyonidn  (Racoons),  and  the  true  Bears. 

The  order  Camivora  is  a  very  natnral  one.  and  its  name  is,  upon 
{he  whole,  fairly  descriptive  of  the  habits  of  the  majority  of  its 
membera ;  though  there  are  some  creatares  included  in  it  which  are 
mixed  feeders,  and  others  which  sje  purely  vegetarian. 

In  carnivorous  animals  one  tooth  on  each  side  of  both 
npper  and  lower  jaws  is  of  considerable  length,  ia  sharply 
pointed,  and  ia  called  a  canine ;  the  npper  canine  is  sepa- 
rated by  an    interval  from  the   incisors,  the   lower  canine 
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being  receiTed  into  tlw  vkmbs  ^gmat   « 

formed. 

The  iodson  are  tliart,  abBoet  ahnjs  nx  in  ntnnhgr,  waA 
■tand  nearly  in  a  stni^t  Im^  UaiMieurij  across  the  frnot 
of  the  jaw,  the  ontosiuBt  spper  mokk'  bciae  sometimes 
large  and  pointed  so  ^  to  be  Bkc  a  amall  eaaiiK. 

The  incisors  and  caninea  maj.  on  tite  vhofe,  be  wd  to  be 
tolerablj-  uniform  thioagfaoat  the  ovder,  bat  the  Taiiations 
in  the  premolar  and  mobtr  teeth  are  both  iwiiierDas  and 
interesting. 

In    the  most  pnrely  camiTorona  memben  of  the  order, 
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the  Felidic,  the  true  molars  are  reduced  t 
the  back  teeth  are  thin  edged,  "  sectorial "  teeth ;  in  the 
heiirs,  on  the  other  hand,  some  of  which  are  purely  her- 
bivorous, the  molars  are  Lttle  ahort  of  the  full  typical  mam- 
malian number,  aud  are  furnished  with  obtuse  and  broad 
grinding  eurfacea. 

Tlie  accompanying  figure  will  serve  to  give  the  general 
aspect  of  the,  teeth  and  jaws  of  a  typically  camivoroua 
animal,  and  to  show  the  great  developnient  of  the  processea 

(')  Bids  view  of  the  craninm  of  a  Tiger,  with  the  inoutli  nligfatly  opened 
to  ihoir  tba  relntiTB  potiition  oE  the  great  canineB. 
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for  the  attacbment  of  muscles,  and  the  stout  wide  arch  of 
the  zygoma. 

To  a  particular  tooth  in  the  upper  jaw,  and  to  its  autago- 
nist  in  the  lower  jaw,  Cuvier  gave  the  name  of  "  caruassial ; '' 
these,  conspicuous  ia  the  true  fiesh-feeders,  become  less  dif- 
ferentiated in  the  Arctoidea  or  bear-like  Caniivora,  and  in 
the  bears  themselves  are  indiatinguiahable  from  the  other 
teeth,  save  by  a  determination  of  their  homologies  by  a 
process   of    comparison   with    the    teeth    of    intermediate 

The  sectorial  or  camassial  tooth  in  the  upper  jaw  is 
always  the  fourth  premolar  ;  ita  crown  is  divisible  into  two 
parts,  the  one  a  thin  sharp-edged  blade,  which  runs  in  an 
antero-posterior  direction,  and  is  more  or  less  divided  by  one 
or  two  notches  into  a  corresponding  number  of  cusps  ;  the 
other  part,  the  "tubercle,"  is  a  shorter  and  blunter  cusp) 
and  supported  upon  a  distinct  inner  root  situated  at  the 
inner  side  of  the  anterior  end  of  the  blade  (see  fig.  182). 
In  those  which  are  moat  purely  flesh- feeders,  the  "blade"  is 
well  developed,  and  the  tubercle  of  small  size  ;  an  increase 
in  the  tubercular  character  of  the  tooth  is  traceable  through 
those  genera  which  ore  mixed  feeders. 

Thus  in  the  bears  the  tubercle  is  said  to  be  highly 
developed,  but  it  is  to  be  noted  that  the  large  flattened 
inner  portion  of  the  bear's  sectorial  tooth  is  in  a  more 
posterior  position  than  the  tubercle  of  a  oat's  sectorial,  and 
is  not  supported  upon  any  separate  root. 

The  lower  tooth  which  antagonises  the  upper  camassial, 
passing  a  little  behind  it,  is  the  first  true  molar ;  in  the 
^  Felidfc  it  consists  solely  of  the  blade,  which  is  divided  into 
two  large  cusps,  behind  which  is  a  very  small  and  rudimen- 
tary third  division  (which  in  the  Hyajnida;,  for  example,  is 
of  conspicuous  dimensions).  In  existing  Carnivora  but  one 
"  sectorial "  tooth  ia  to  be  found  on  each  side  of  the  jaws,  but 
in  the  Hyienodon,  which  had  the  full  number  of  44  teeth, 
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luid  iu  some  other  extinct  tertiary  mammals  there  were  more 
teeth  partakiug  of  this  character. 

In  a  general  sense  we  may  say  that  the  characters  which 
indiotte  a  pure  flesh  diet  are  :  the  Email  3ize  of  the  incisors 
aB  compared  with  the  canines,  and  their  arrangement  in  a 
straight  line  across  the  .jaw  ;  the  large  size,  deep  implanta- 
tion, and  wide  separation  from  one  another  of  the  canines  : 
the  reduction  in  number  of  the  molar  series,  those  thai 
remain  beiug  without  broad  crushing  surfaces,  in  the  plac3 
of  which  a  pointed  or  sharp-edged  form  prevails. 

Thus  the  more  numerous  the  teeth  of  the  molar  series, 
and  the  broader  their  cron-na,  the  more  likely  it  is  that  the 
creature  subsists  upon  a  mised  diet ;  and  a  gradation  maj 
be  traced  even  in  individual  teeth,  such  as  the  camaseiala, 
in  which  a  gradual  increase  iu  relative  size  of  the  internal 
tubercular  cusps  of  the  upper,  and  of  the  posterior  tubercles 
of  the  lower  teeth,  may  be  traced  as  we  pa-ss  from  the  ex- 
amination of  the  teeth  of  Feiidie,  to  those  of  mixed  feeders, 
such  as  the  Arctoidea. 

It  is  a  familiar  observation  that  immature  animals  differ 
less  iram  their  allies  than  do  the  respective  adults,  and  this 
is  exemplified  by  the  milk  dentition  of  the  present  order. 

With  the  exception  of  the  Felidie,  which  have  only  two 
lower  milk  molars,  the  terrestrial  Camivora,  so  far  as  is 
known,  all  have  the  same  milk  dentition  :  ^^H 

.  3  ^  1  ^  .1  ^1 

'  3  **  I  ™  3  ■  ^1 

Cynoidea. — The  dog  presents  almost  the  full  typical 
number  of  teeth,  one  upper  molar  (present  in  an  extinct 
dog-like  animal,  the  Amphicyou)  aJoue  being  wanting. 


The  incisors  are  small,  the  outermost  being  the  lar( 
the  upper  iucisors  have,  as  in  a  great  many  Camivora,  a 


rge^^* 
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tri-lobed  shape,  the  sniface  of  the  crown  being  marked  by  a 
transverse  groove  iuto  wbich  the  apex  of  the  lower  tooth 
fits,  aiid  the  anterior  of  tlie  lobes  thus  formed  being  notched 
B  to  divide  it  into  two. 


p 


The  canines,  large  and  conical,  are  somewhat  compresaed 
from  side  to  side,  and  have  au  anterior  and  a  posterior  sharp 
ridge  ;  they  are  also  slightly  flattened  on  their  inner  surface. 

The  premolars  are  flattened  from  side  to  side,  pointed, 
inoreasing  in  Bize  from  before  backwards,  and  have  small 
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basal  accesaorj  cusps  {see  fig.  182).  The  fourth  upper  pre- 
molar is  the  sectorial  tooth,  and  is  very  much  larger  than 
the  third  premolar ;  the  blade  ia  well  prouounced,  and  the 
tubercle  small.  The  fourth  lower  premolar  does  not 
greatlj  difter  from  the  third.  The  two  upper  true  molars 
arc  blunt,  broad-crowned  tubereulated  teeth,  but  the  second 
is  very  small. 

In  the  lower  jaw  the  firet  true  molar  or  camaaaial  tooth 
has  a  well-marked  blade,  which  articulates  with  the  blade 
of  the  upper  camassial  tooth ;  but  towards  the  posterior 
border  there  is  a  somewhat  thick  and  blunt  tubercidate 
portion,  barely  represented  in  the  coiTesponding  tooth  of 
the  Felidie ;  the  tubercular  portion  articulates  with  the 
broad  flat  first  upper  molar.  The  second  lower  molar  is 
smaller,  not  being  one-fourth  the  size  of  the  first ;  the  third 
smaller  still ;  both  are  blunt-crowned  tubereulated  teeth 
(the  third  lower  molar,  rudimentary  in  all  dogs,  is  alto- 
gether absent  in  the  Canis  primiuvufl).  The  fox- like 
Otocyon,  however,  has  ni  — ,  making  up  a  total  of  iS  teeth, 

an  excess  over  the  full  mammalian  dentition. 

The  dentition  of  the  dog,  closely  similar  ns  it  is  to  that 
of  the  wolves  and  foses,  is  such  as  to  allow  of  a  considerable 
range  of  diet,  there  being  tubercular  molar  teeth  in  addition 
to  a  fuU  amiament  of  such  sharply-pointed  teeth  as  are 
characteristic  of  flesh-feeding  animals. 

Thus  the  Canidse,  uniform  as  they  are  in  dentition,  have 
somewhat  different  habits ;  the  Arctic  fox,  a  flesh-feeder 
purely,  has  a  dentition  indistinguishable  from  the  North 
Italian  fos,  which  is  reputed  to  be  vegetarian  in  its  diet ; 
the  Canis  cancrivorus  of  Guiajia,  which  often  possesses  a 
fourth  molar,  eata  small  mammals,  crabs,  and  also  fruit. 
Hence  it  is  necessary  to  be  very  careful  in  deducing  from 
the  character  of  the  teeth  what  may  probably  have  been 
the  diet  of  the  animal ;  an  approximate  idea  may  often  be 
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reached,  but  the  sources  of  fallacy  are  sufficiently  numerouB 
to  render  the  conclusion  uncertain. 

Amongst  the  various  breeds  of  dogs  some  slight  differ- 
ences exist.  Thus  in  the  long-miizzled  races  considerable 
intervals  exist  between  the  premolars,  as  is  to  some  extent 
seen  in  C.  Dingo  (flg.  182),  while  in  the  short-muzzled  races 
the  teeth  ore  in  contact,  and  set  somewhat  obhquoly,  ho  as 
to  be  almost  imbricated. 

On  the  whole  it  may  be  said  that  the  teeth  are  less  easily 
susceptible  of  modification  in  size  than  are  the  jaws,  ho  that 
crowding  of  the  teeth  is  induced  by  selective  breeding  aiming 
at  the  production  of  short-muzzled  varieties. 

In  some  loug-muzzled  races  supernumerary  teeth  are 
sometimes  found ;  thus  De  Blainville  (Osteographio, 
C'anid(f)  figures  two  examples,  the  supernumerary  tooth 
being  in  one  case  a  premolar,  to  the  other  a  true  molar. 

(Eluraidea.—Wi^  a  dental  formula  not  differing  much 
from  the  dog  (and  not  at  all  from  Canis  primrevus)  the 
ViverridEB  (Civet  cats,  Ichneumons,  &c.),  approach  the  more 
typical  carnivores  in  such  points  as  the  thinner  and  sharper 
blades  of  the  premolar  teeth  and  the  greater  relative  length 
and  sharpness  of  the  canines. 

The  dental  formula  is 

.  3      1      i       2 

At  the  same  time  the  lower  camassial  tooth  has  no  less 
than  sis  sharply  pointed  cusps,  and  it  lacks  the  typical 
character  of  a  sectorial  tooth,  while  the  long  pointed  cusps 
of  the  molars  of  some  Viverridfo  recall  the  characters  of 
insectivorous  dentitions  rather  than  those  of  true  flesh- 
feeders  ;  furthermore,  there  are  other  Viverridic  which  are 
not  at  all  savage,  nod  which  subsist  on  a  diet  of  fruits, 
eggs,  i-c,  such  as  the  Binturong  or  the  Paradoxurus,  the 
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teetli  of  which  have  almost  lost  the  carnivoroua  chtiracter. 
Little  use  can  therefore  be  made  of  the  Viverridie  as  illus- 
trating the  transition  between  the  dental  characters  of  the 
other  families  of  the  order  ;  they  rather  serve  to  exemplify 
how,  within  the  limits  of  a  single  family,  with  an  identical 
ilental  formula,  the  form  and  size  of  the  teeth  may  vary  ao 
as  to  adapt  iU  members  to  different  forms  of  food  and  habits 
of  life. 

Hytmidce.  —In  the  Hytena  the  jaw  is  short  and  frtont;  the 


canines  are  sot  far  apart,  and  the  teeth  of  the  molar  aeriga 
are  reduced  iu  number,  J 


The  incisors  are  short  and  stout,  but  the  outermost 
upper  incisor  is  somewhat  caniniform ;    the  canines  are  very 

CI  Upper  and  lowar  teeth  of  Hjiena.  Tha  Btrongly  marked  eingolum 
is  seen  upon  the  lower  taeth.  In  tha  nppar  jaw  the  fourth  premolar 
<csmassial  tooth)  hun  a  strong  blade,  diviiled  into  three  cusps,  and  a 
BOiall  tubercle  opposite  to  and  within  tha  anterior  cusp  ;  it  is  a  good 
typical  carnauial  tuoth. 
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strong,  but  are  not  so  long  relatively  to  the  otlier  teeth  tts 
in  the  Folida'. 

The  premolars  are  all  stout  pointed  teeth,  with  n  very 
welt  pronounced  basal  ridge  or  cingtilura,  serviceable  in 
protecting  the  gums  wheu  the  creature  is  crushing  up  bones ; 
they  increase  in  size  from  before  backwards  iu  the  upper 
jaw,  the  fourth  upper  premolar  being  a  well-marked  camassial 
tooth  with  ita  blade  and  tubercle. 

The  lower  caniassial  or  first  molar  conaistB  of  little  more 
than  the  notched  blade  ;  but  the  little  posterior  tubercle  so 
strongly  pronounced  in  the  dog,  is  in  the  hyrena  distinctly 
more  marked  than  in  the  Felidfe  (cf.  figs.  18i  and  185). 
The  only  upper  true  molar  is  tlio  rudimentary  tooth,  placed 
inside  the  back  of  the  fourth  premolar. 

The  main  feature  of  the  dentition  of  the  byiena  is  the 
great  atoutnesa  and  strength  of  the  teeth;  they  are  admir- 
ably adapted  to  the  habits  of  the  animal,  which  feeds  rather 
upon  the  portions  of  Carcasses  left  by  the  fiercer  caraivora 
than  upon  those  which  it  kills  for  itself,  and  consequently 
bones  form  o.  targe  proportion  of  its  food. 

There  is  a  ciirioiis  hyffina-like  animal  found  at  the  Cape 
(of  which  there  are  often  specimens  at  the  Zoological 
Gonlens)  called  Proteles  or  Aardwolf,  in  which  the  teeth 
of  the  molar  series  are  quite  rudimentary.  Tlie  incisors 
(much  worn  in  old  animals)  and  the  canines  are  fairly  well 
developed;  the  molars  and  premolars  quite  stunted. 

The   deciduous   dentition    I   dm,    -_   j  is  similar  to  the 


adult,  aa  respects  the  teeth  being  stunted.  It  is  a  cowardly 
animal,  and  is  supposed  to  feed  on  putrid  flesh  ;  it  is  said  to 
eat  yotmg  lambs,  and  to  bite  the  large  tails  of  the  Cape 
sheep,  which  aro  remarkable  for  containing  an  abundance  of 
semi-fluid  fat. 


J 
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Fdidie. — The    dentition    of    this    family    is    singuli 
imiform. 


Thua  the  molar  Beries  is  reduced  below  that  of  hyrena  by 
the  losB  of  a  premolar  in  both  jaws.  The  incisors  are  very 
ehort,  the  caninea  very  lar^e,  widely  apart,  and  sharply 
pointed,  with  a  pronounced  longitudinal  ridge  very  charac- 
teriBtic  of  the  Felidte  ;   the  premolars  nearest  to  them  are 

Fio.  185  (i>. 


1 


quite  short,  so  that  they^tand  practically  alone,  and  so  can 
penetrate  the  flesh  of  living  prey  more  readily. 

The  first  upper  (really  the  second  of  the  typical  niani- 
malian  dentitiou)  premolar  is  almost  a  rudimentary  tooth  ; 
the  second,  a  far  larger  tooth,  is  sharply  pointed;  the  third  is 
a  well  pronounced  camassial  tooth,  of  which  the  "  blade  "  ie 
divided  by  two  notches  into  three  sharp  lobes,  with  the  middle 
one  of  which  the  "tubercle"  is  connected  by  a  slight  ridge. 

The  solitary  true  molar  is  a  small  tooth,  placed  trans- 


(')  Side  >i 


aiiJ  palatal  asiiect  of  \i\.i^y  jaw  (Leopard). 
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veraelj,  and  within  the  back  of  the  premolar,  so  that  looking 
from  the  outside  it  is  not  visible  at  all. 

In  the  lower  jaw  the  camassial  (first  molar)  is  reduced  to 
the  "  blade  "  only ;  it  is  divided  by  a  V-shaped  notch  into 
two  lobes,  and  the  posterior  tubercle  is  hardly  represented. 

In  an  extinct  feline  animal,  the  Machairodus,  found  in 
tertiary  strata,  and  very  widely  distributed  (in  France, 
Italy,  India,  Brazil,  Buenos  Ayres)  the  first  of  the  pre- 
molars left  in  the  upper  jaw  of  Felis,  and  there  almost 
rudimentary  (see  fig.  185),  has  disappeared;  the  dental 
formula  is  thus.: 

.312  1 

1    .    c   -   p     -    m   -  . 

3        1^2  1 

The  upper  canines  are  of  immense  length,  and  the  ridge 
of  enamel  which  runs  down  the  front  and  back  surface  of 

Fia.  186(1). 


the  teeth  is  distinctly  serrated ;   hence  the  name  of  saw- 
toothed  Tiger  which  has  been  given  to  the  animal. 

The  lower  canines  are  quite  small,  and  ranged  with  the 

{})  Side  view  of  the  jaws  and  cranium  of  Machairodus  (Drepanodon), 
after  Owen. 
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incisors.  The  enormous  length  of  the  upper  canine  renders 
it  difficult  to  see  in  what  manner  it  was  made  use  of,  as  the 
mouth  could  hardly  have  been  opened  to  an  extent  sufficient 
to  enable  its  point  to  do  more  than  clear  the  lower  jaw. 

Smilodon,  a  somewhat  similar  extinct  animal,  had  a  den- 
tition still  further  reduced,  viz. : 

.31  2  0 

1      -    c     -  p  —   m   — . 

2         1    *^  2  or  1  1       , 

Prof.  Cope  has  described  a  rich  scries  of  extinct  cats 
("  Extinct  Cats  of  N.  America,"  American  Naturalist,  Dec. 
1880),  mostly  from  Miocene  beds.  He  summarises  their 
characters  thus : 

"It  is  readily  perceived  that  the  genera  above  enumerated 
form  an  unusually  simple  series,  representing  stages  in  the 
following  modification  of  parts  : — 

(1.)  In  the  reduced  number  of  molar  teeth. 

(2.)  In  the  enlarged  size  of  the  upper  canine  teeth. 

(3.)  In  the  diminished  size  of  inferior  canine  teeth. 

(4.)  In  the  conic  form  of  the  incisors. 

(5.)  In  the  addition  of  a  cutting  lobe  to  the  anterior 

base  of  the  upper  sectorial  tooth. 
(6.)  In  the  obliteration  of  the  inner  tubercle  of  the  lower 

sectorial. 
(7.)  In  the  extinction  of  the  heel  of  the  same. 
(8.)  In  the  development  of  an  inferior  flange  at  the 

latero-anterior  angle  of  the  front  of  the  ramus  of 

the  lower  jaw. 
(9.)  In  the  development   of  cutting  lobes  upon   the 

posterior  border  of  the  large  premolar  teeth. 

The  succession  of  the  genera  above  pointed  outj  coincides 
with  the  order  of  geologic  time  very  nearly. 

The  relations  of  these  genera  are  very  close,  as  they  differ 
in  many  cases  by  the  addition  or  subtraction  of  a  single  tooth 
jfrom  each  dental  series. 
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These  chanictera  are  not  even  always  constant  in  the  same 
Bpecies,  ao  that  the  evidence  of  descent,  so  far  aa  the 
genera  are  concerned,  is  conclnaive.  No  fnller  genealogical 
series  exists  than  that  which  I  have  discovered  amongst  the 
extinct  cats." 

The  extinct  Hyrenodon  in  some  respects  resembled  the 
FelidsB,  though  it  is  on  the  whole  of  somewhat  doubtful 
affinities :  it  differed  in  that  it  presented  the  typical  mam- 
malian formida  of 

.3         \         4    „    3 
'     3    "    1    ^    4  3' 

its  great  peculiarity  being  that  one  and  all  of  these  teeth 
were  of  "  camassial "  (')  foi-m.  Tet  the  elongated  form  of  its 
jaw  is,  so  far  aa  it  goes,  opposed  to  the  idea  of  its  having 
been  highly  carnivorous ;  its  food  at  nil  events  must  probably 
have  consisted  of  animals  very  much  smaller  than  itself. 

Arctoidea. — Amongst  the  Camivora  gi'ouped  together  by 
many  characteristics  as  '  boar-like,'  a  toleralily  complete  gra- 
dation of  character  in  the  matter  of  dentition  may  be  traced. 
Some  of  the  group,  such  aa  the  stoats  and  martins,  are 
very  carnivorous  ;  others  are  mninly  herbivorous.  Of  the 
Mustelidaj  the  dental  formula  ia 

.     3        ^         +  1 

'  3  °  1  ^  +  ""  2' 
I  There  is  a  sort  of  primd  fade  i-esemblance  to  the  feline 
dentition,  for  the  sectorials  are  very  mitch  like  those  of  the 
Felida;,  but  the  last  tooth  in  each  jaw  is  a  broad  topped 
tubercular  molar,  even  in  the  most  carnivorous  members  of 
the  gronp,  while  in  those  which  are  less  so,  such  aa  the 
badger,  the  molar  teeth  are  vory  broad  and  obtuse,  the 

[')  Tha  oaraaasifd  looth  of  Feliilfe  is  alwaja  opposite  to  the  corner  of  tha 
lips  r  if  farther  forwsi'd  it  would  oot  at  a,  disadTantageous  leTeragc,  and 
if  farther  bock,  could  not  ho  got  at  for  alioiog  pieces  ofT  a  oarcaso  too  Inrg^ 
bi  lake  bodily  into  tlio  mouth  (Cope.) 
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lower  sectorial  having  a  very  small  blade  and  a  very  large 

tubercular  posterior  talon,  so  that,  without  having  really 

lost  its  typical  formation,  it  comes  practically  to  be  a  broad 

grinding  tooth. 

In  the  Procyonidse  (Racoons  and  Coatimundis,  &c.),  we 

have  a  further  departure  from  the  carnivorous  character, 

in  the  increased  development  of  the  mplar  series :  the  dental 

formula  is 

.3         1         4 

1  —      C  D 

3         1 


2 

p   --   m    -. 

^4  2 


In    the    Coatimundi,    for   example,    the   upper   sectorial 

Fig,  187  (»). 


has  a  very  large  "tubercle,"  and  posteriorly  to  this  there 
is  a  small  additional  tubercle  ;  the  "  blade  "  has  no  large  or 
conspicuous  thin,  flat,  sharp  edge,  but  presents  two  pro- 
nounced cusps. 

The  lower  sectorial  is  no  longer  recognisable  as  a  car- 
nassial  tooth,  and  all  the  true  molars  are  broad  teeth  with 
four  or  five  cusps. 

(0  Upper  and  lower  teeth  of  a  Coatimundi  (Nasua  socialis).  The  fourth 
upper  premolar  (camassial  tooth)  has  lost  its  sectorial  character  by  the 
blade  being  much  less,  and  the  tubercle  much  more,  developed  than  in  the 
(Eluroidea ;  there  is  an  additional  internal  tubercle  at  the  back  of  the 
tooth. 
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The  canineB  are  very  peculiar,  those  of  the  upper  jaw 
being  very  struiglit  nnd  much  flattened  from  aide  to  aide  ; 
those  of  the  lower  jiiw  strongly  curved,  and  marked  by  a 
deep  groove  near  the  front  of  their  anterior  surface. 

!tt  the  Bears  the  teeth  are  yet  further  modilied  to  suit 
the  requirements  of  mixed  or  vegetable  feeders. 

The  dentiil  formula  is  generally — 


.   3 


The  incisors  of  the  upper  jaw  present  the  notch  across 
:he  crown,  bo  commou  ia  Camivora,  and  the  outermost  is, 


large  and  not  uulilce  a  canine ;  the  canines  are,  relatively 
to  the  other  teeth,  not  so  large  as  in  dogs  or  Felidse  ;  never-' 
thelesa  they  are  stout  strong  teeth,  upon  which  the  anterior 
and  posterior  ridges  of  enamel  are  well  marked. 

The  first  three  premolars  are  small  dwarfed  teeth ;  the 
first  premolar  is  very  close  to  the  canine,  and  has  a  croifn 
of  peculiar  form,  produced  out  towards  the  canine. 

(')  Teetli  of  a  Boar  (Ursiu  thibctanoB  1).  The  figure  is  drawn  from  a 
j-ouiig  »i>ecimen,  in  wliich  the  canines  have  liardly  iittaincii  to  their  full 
length.     In  this  hear  the  fuur  premolars  are  all  perauitent. 
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All  four  of  the  premolars  seldom  persist  through  the  life- 
time of  the  animitl ;  the  first  premolar,  however,  ia  rarely 
(if  ever  m  receut  species)  lost,  the  eecoud  being  tha  first  to 
fall  out,  and  then  the  third.  As  the  fourth  ia  never  lost,  in 
most  adult  hears  the  first  and  fourth  premolars  ni-e  found, 
with  a  wide  interval  between  them.  The  premolars  of  bears 
thus  form  an  exception  to  the  rule  that  when  a  tooth  ia  lost 
from  the  premolars,  the  loss  takes  place  from  the  front  of 
the  series. 

The  fourth  upper  premolar  (caruaaaial  tooth)  retains 
something  of  its  camassial  character,  though  relatively  to 
other  teeth  it  is  smaller  than  in  the  Felidte  ;  the  first  lower 
molar  very  little,  save  that  it  is  a  narrower  and  more 
elongated  tooth  than  the  other  true  molars. 

The  other  true  molars  are  squarish  or  oblong  teetli,  raised 
into  blunt  tubercular  cusps  ;  they  vary  in  different  species, 

la  the  sloth  bear  (Melursus  labiatus)  the  incisors  are  small 
and  the  median  pair  are  lost  early ;  it  is  vai-iously  stated 
to  be  frugivoroua  and  to  feed  on  ants,  the  latter  probably 
beiag  the  more  truthful  account. 


Cabnivora  Pikkipedta  (Seals),  ^^H 

The  aquatic  Camivota  are  divided  into  three  families  : —         ^^B 

I.  The  Otariide,  or  Eared  Seals,  comprising'  the  single  genus  Otaria, 
known  as  Sea  Lions,  or  Sea  Bears.  "Dieae  are  tte  '■  fur  Seals," 
from,  whioh  seal  skin  is  procured,  and  they  are  less  removed 
from  the  tetreBtiial  camivora  tJian  aie  the  other  seals  :  the 
limbs  ace  better  adapted  for  walkinjf,  there  are  external 
ears,  Sic. 

n.  The  Phocidffi,  to  which  family  the  seals  of  our  own  coasts 
(Phocft  [rreenlandica,  &o.)  and  the  Great  Proboscis  Seals  of  the 
southern  seas  (Cystophora)  belong. 

III.  The  Trichochidie,  or  Walruses,  an  aberrant  Arctic  family  con- 
sisting- of  one  jrenra  only. 

The  dentition  of  the  seals  is  less  highly  specialised  than 


mmalifl,  and  like  otheis  similar  in  this  respect,  have  no 
change  of  faoctional  teeth. 

What  change  there  ia  takes  place  at  an  exceedingly  early 
period,  indeed  tit  or  before  birth. 
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The  milk  dentition  is  very  feebly  developed  in  all  Beala ; 
in  tho  Otarift  (fur  seal)  which  of  all  the  seals  most  approaches 
t«  the  terrestrial  caraivora  in  other  charactera,  the  milk  teeth 
are  retained  for  a  few  weeks,  but  in  most  others  they  are 
shed  about  the  time  of  birth.  Thus  Professor  Flower 
tells  ua  that  in  a  Phoca  greenlaudica  a  week  old  scarcely  a 
trace  of  the  milk  teeth  was  left. 

The  canines  are  generally  well  marked  by  being  larger 
than  the  other  teeth,  but  the  molars  and  premolars  are 
very  similar  to  each  other,  and  are  simple  in  pattern. 

The  teeth  of  Otaria   and   of  some   other  seals    become 


much  worn  down,  and  tiiey  also  seem  to  become  eroded  at 
the  level  of  the  gums,  as  they  are  often  deeply  excavated  at 
points  which  seem  unlikely  to  have  been  exposed  to  friction, 
but  the  nature  of  this  erosion  has  not  been  adequately  in- 
vestigated. 

Tho  incisors,  however,  vary  in  number  in  different  groupsj 
while  the  canines,  premolars,  and  molars  are  constant. 

The  common  seals  (Phoca)  have  a  dental  formula 


The  incisors  are  of  simple  fonn,  and  the  outer  are  the 
lai^er.  The  canine  is  a  strong  recurved  tooth,  with  t^ 
large  root ;   behind  it  follows  a  series  of  molars,  each  of 

{})  Teiil,li  of  Pboca  greenlamlica. 
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which  (with  the  exception  of  the  first)  bears  a  central 
principal  cusp,  with  a  smaller  accessory  cusp  before  and 
behind  it.  The  forms  of  the  crowns  vary  a  good  deal  in 
different  genera,  in  some  the  cuBps  being  much  larger, 
more  deeply  separated  from  one  another  and  recurved  ;  and 
in  others  the  accessory  cusps  being  multiplied,  so  that  the 
name  of  "  saw-toothed  seal "  bos  been  given  to  their  pos- 
sessor. 

It  is  suggested  by  Saume  that  the  degree  to  which  the 
teeth  have  become  simplified  perhaps  corresponds  with  ths 
antiquity  of  the  genus  as  aquatic,  those  which  have  taken 
to  the  water  more  recently  having  retained  a  greater 
oomplezitj  of  tooth  crown. 

The  Leopard  Seal  has  teeth  with  exceedingly  long  rootsi 
disproportionate,  one  would  say,  to  its  necessities  for  firm 
implantation  of  its  teeth. 

In  the  Hooded  seals  (Cyatophora)  the  incisors  are  reduced 

Pio.  191  (I), 


in  the  lower  jaw  and  two  in  the  upper  ;  the  canines 
are  of  groat  size,  but  the  molars  are  small  and  simple 
in  form,  ao  na  to  approximate  to  the  teeth  of  the  Cetacea. 

O  Pann.inenl  irnd  milk  teetli  of  Elephant  Seal  (Cystophora  proboacidsa). 
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The  ivalrua  {Trioiiechus  rosmams),  an  aberrant  Arctic 
form,  ia  possessed  of  enormoua  upper  canines,  which  paaa 
doflTi  outside  the  lower  lip,  and  are  of  such  dimeusiona  as 
to  materially  modify  the  form  of  cranitim  by  the  size  of 
their  sockets  ;  they  gi-ow  from  persistent  pulps,  and  are 
composed  of  dentine  with  a  thin  investment  of  cement. 


Fio.  192  ('). 


The  great  tusks  are  employed  to  tear  up  marine  plants  ' 
and  to  turn  over  obstacles,  the  walrus  feeding  upor 


,  and  also 


seaweed,  &c. ;  they  are  also  used  to 


(')  SidBTiew  of  npper  and  lower  jawa  of  a  Walrus  (Trichechuaro 
The  upper  jaw  haa  been  tilted  e.  little  to  one  side,  in  order  to  bring  into 
Tiew  ths  molar  teeth  at  the  same  time  with  the  long  tufika.  The  deter- 
minntion  of  the  t«et!i  being  open  to  question,  thej  have  been  simply 
nninbcred. 
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assist  the  fuiimnl  in  clambering  over  ice :  as  they  aro  of 
almost  equal  siie  in  the  female,  they  cannot  be  regarded  aa 
weapons  of  aexiiol  offence,  but  they  are  undoubtedly  used 
in  the  combats  of  the  males. 

The  liirgest  tuska  seen  by  Nordenakiold  were  30  inches  in 
length,  and  8  inches  in  circumference ;  the  tusks  of  the 
females  .ittain  to  the  same  length,  but  they  are  much  more 
slender. 

In  addition  to  the  great  tusks  the  walrus  ordinarily  has  a 
row  of  four  or  five  teeth,  short  and  simple  and  worn  down  to 
the  level  of  the  gums.  Of  these,  the  one  placed  immediately 
within  the  bane  of  the  great  canine  is  in  the  intermaxillary 
bone,  and  is  hence  an  incisor  :  the  ordinary  dental  formula 
is  given  by  Professor  Hower  as 

j  1    ^  1       3 

But  there  is  some  difficulty  in  assigning  a  definite  dental 
formula :  for  in  front  of  the  solitary  incisor  are  often  the 
sockets  {or  even  the  teeth  themselves)  of  two  others,  which 
are  for  various  reasons  rather  to  be  regarded  as  non-per- 
sistent teeth  of  the  permanent  set  than  as  milk  t«eth ; 
and  there  are  also  small  teeth  sometimes  to  be  met  with 
behind  the  molars,  which  seem  to  be  rudimentary  perma- 
nent teeth. 

In  young  specimens  the  dentition  is 

.31  ,5 

I  --   c   -  pmandm   -. 

3      1^  4 

The  teeth  above  alluded  to  may  persist  through  life,  and 
probably  oft«n  do ;  but  they  are  sure  to  be  lost  iu  macerated 
skulls,  aa  they  have  but  little  socket.  Of  the  milk  den- 
tition four  teeth  have  been' traced  in  each  jaw;  they  are 
rudimentary,  are  lost  about  the  time  of  birth,  and  corre- 
spond in  position  to  the  more  largely  developed  teeth  of  the 
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adult.  Heuce  the  question  if  those  small  rudimentary 
teeth  above  alluded  to  are  to  be  regarded  also  as  milk 
teeth  which  are  long  retained,  or  as  rudimentary  permanent 
teeth ;  at  present  this  requires  further  elooidatic 


I 


The  Teeth  of  Primates. 
The    order  Primates  embraces  Man,  Monkeys,  and  the 

Some  catiiraliBte  have  been  disposed  to  sfpiirat«  the  Lemurids 
from  tile  reat  of  the  Primates,  on  the  ground  that  some  LemnrB 
approximate  rather  closely  to  the  InBectivora,  while  again  the  order 
Insectivora  contams  some  forms  which  recall  the  Lemura. 

Prof.  Cope  regarda  the  Lemurs  as  an  exceedingly  ancient  and 
geneiallsed  form,  and  considers  that  they  may  have  been  parent 
farms  of  many  widely  different  mammalian  forms. 

But  although  the  Lemoridie  are  undoubtedly  inferior  to  the 
Monkeys,  and  stand  apart  from  tliem  more  widely  thau  do  the 
Monkeys  from  Man,  moat  authors  now  place  them  in  the  order 
PrimateB,  which  is  to  be  divided  as  follows  : — 

( LemuridtB.  Lemurs, 

Primates  I  Simiadee  Old  and  new  world  Monkeys. 

\  Anthropidsa.         Man. 

biiiTiri<Ue. — The  Lemurs  for  the  most  part  are  found  in 
Madagaacar,  and  to  a  less  extent  on  the  mainland  of  Africa 
and  in  southern  Asia.  In  their  dentition,  just  as  in  other 
characters,  they  differ  somewhat  from  the  true  monkeys, 
though,  on  account  of  there  being  several  very  aberrant  in 
form,  it  is  difficult  to  give  any  general  account  of  them. 
Most  of  them  have  the  upper  incieora  very  email,  and  widely 
separated  from  one  another  ;  in  the  lower  jaw  these  are  antag- 
onised by  six  or  eight  long,  thin,  narrow  procumbent  teeth, 
generally  regarded  as  being  two  pairs  of  incisors  and  the  lower 
canines :  in  both  upper  and  lower  jaws  the  next  tooth  is 


h^ge  and  pointed  like  a  canine,  but  the  lower  oaniniform 
tooth  bites  behind  the  upper,  and  so  ia  held  not  to  corre- 
spond to  it,  bnt  to  be  the  first  premolar.  The  premolars 
are  compressed  from  side  to  side,  and  are  very  sharp  :  the 
molars  are  amted  with  long  ubarp  cusps,  which  are  worn 
down  in  old  animals. 

The  upper  molars  in  many  lemurs  are  armed  with  four 
cusps,  connected  by  an  "oblique  ridge  "  like  those  of  man 
and  the  authropoid  apes. 

In  many  of  them  the  lower  premolars  are  two  rooted,  the 
roots  being  more  or  lens  completely  in  the  position  of  outer 
and  iimer,  not  of  anterior  and  posterior  roots. 

Fio.  193  (')- 


There  is  a  very  aberrant  lemur,  tiie  Aye-aye  (Cheiromys), 
which  in  its  doutitiou  imitates  the  rodents. 


In  both  upper  and  lower  jaws  the  incisors  form  a  single 
pair  of  lai^e  curved  teeth,  growing  from  persistent  pulps, 
and  wearing  obliquely  bo  as  to  constantly  preserve  a  sharp 
cutting  edge,  Tiie  enamel  is  very  much  less  thick,  if  not 
altogether  absent,  u]>on  the  backs  of  the  upper  incisors,  but 

(')  Teeth  of  the  Indri. 


the  lower  incisor,  which  is  very  narrow  from  aide  to  f 
and  very  thick  from  back  to  front,  is  composed  -very 
largely  of  enmnel,  the  dentine  constituting  but  a  very  BmaU 
part  of  it. 

After  a  considerable  interval,  which  ia  devoid  of  teeth, 
there  |follow  four  upper  and  three  lower  teeth,  which  are 
not  of  peraistent  growth,  but  have  definite  roots,  and  resemble 
the  molars  of  many  omnivorous  rodents. 

Being  a  somewhat  rare  and  strictly  noctiima!  anima], 
little  is  known  of  its  food ;  some  have  believed  that  it  makes 
use  of  its  rodent  incisors  to  out  away  jrortions  of  wood  in 
order  to  get  at  the  grubs  contained  in  it,  drawing  them  out 
of  their  hiding  place  by  means  of  its  curiously  elongated 
finger,  whilst  others  believe  that  it  goawa  the  sugar  cane. 
But  whatever  the  nature  of  ita  food  may  be,  it  is  certain 
that  its  scalpriform  incisors  are  put  to  bard  work,  and  so 
kept  worn  down,  for  in  a  specimen  kept  for  a  time  in  the 
Zoological  Gardens,  which  was  supplied  with  soft  food, 
the  incisor  teeth  grow  to  an  eicesaive  length,  and  ultimately 
caused  the  animal's  death  by  the  points  of  its  lower  incisors 
perforating  the  palate.  The  accompanying  figure  represents 
the  muzzle  of  this  specimen,  and  although  the  upper  teeth 
have  grown  to  an  inoi-dinate  length,  and  have  divei^ed  from 
one  another,  it  will  serve  to  show  the  rodent-like  aspect  of 
its  mouth. 

Although,  functionally,  its  teeth  are  those  of  a  rodent, 
yet  despite  this  adaptive  resemblance,  the  milk  dentition 
retains  certain  characters  which  indicate  the  lemuriae  origin 
of  the  creature. 

In  the  upper  jaw  the  milk  dentition  consists  of  two  small 
incisors,  a  canine  and  three  molars ;  in  the  lower  jaw  of  two 
small  incisors  and  two  small  molars ;  it  is  said  that  in  an 
early  stage  a  third  milk  incisor  ia  to  be  found. 

The  permanent  incisors  push  their  way  up  between  the 
first  and  second  milk  incisors ;  at  a  certain  stage  all  three 
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0  be  seen  nt  once,  but  the  large  si^e  of  the  permanent 

s  cnuacs  the  speedy  loss  of  the  milk  incisors. 

No  known  rodent  has  so  many  milk  teeth,  nor  indeed  any 

milk  incisors  at  all ;  the  Aye-aye  thus  affords  an  excellent 

example  of  a  milk  dentition  preserving  characters  which  are 

lost  in  the  extremely  modified  adult  dentition. 

The  special  interest  which  attaches  to  the  dentition  of 


Cheiromys  has  been  already  alluded  to ;  to  briefly  recapit- 
ulate, it  ia  this  :  in  Madagascar,  an  isolated  area  aeparated 
by  a  wide  tract  of  deep  sea  from  other  areas,  true  rodents 
are  almost  absent,  but  lemurs  abundant.  But  one  of 
the  lemurine  animals  which  are  to  he  found  there  has  been 
BO  modified  that   its  teeth  to   all   intents   and  purposes 


(')  Aja-Aje  (Chfliromjs),  wliiob  died  Id  the  Zoological  Gardens  (after 
Dr.  Murie).  The  Hpjier  incleora,  from  want  of  sufScient  use,  have  grown 
long  BDi  diverged  frum  the  middle  lina. 


r 
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are  tboes  of  a  rodent.  Yet  with  all  tbia  modification  it 
rotains  characters  (notably  its  milk  dentition)  which  are 
quite  unlike  thoae  of  true  rodents,  but  which  recall  .the 
manner  of  its  origin  from  higher  lemurine  forms. 


Fio.    1B5  (I 


Simiadn.  —  The  true  monkeys  are  divided  into  two 
great  divisions,  the  new  world  monkeys  and  the  old  world 
monkeys.  Tiie  former  differ  in  many  respects  from  the 
latter ;  for  the  most  part  they  have  prehensive  tails,  and 
their  nostrils  are  set  somewhat  widely  apart,  whence  they 
are  called  Plati/iThine,  or  wide-nosed  monkeys,  and  they 
differ  also  in  their  dental  formula,  which  is — 

('}  Upper  and  lower  jaws  of  ChaiiomyB,  A.  Milk  dentition,  with  the 
permanent  inciBOra  jiut  emerging,  i,  I.  Upper  iind  lower  permanent  ia- 
oisora.  t"  2,  I  2.  Upper  and  lower  milk  inciBOre.  c  Milk  caninaa.  d  1, 
d2,dB,,  il  b.  Upper  and  lower  milk  molara.  (Twice  natural  size.)  B, 
Reduced  fiijuro  oE  i>eriiiancnt  Uetli  (after  I'etera}. 
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:; ''  1  ^  3     3 

The  little  marmoBet  monkeys  have  only  32  teeth,  but  they 
agree  with  the  other  new  world  monkeys  in  having  three 
premolars  on  each  aide,  the  molars  being  reduced  to  two  in 
number.  The  upper  molars  of  some  new  world  monkeys, 
notably  Atcles  tiud  Mycetos,  have  the  antero-internal  and 
extero-poeterior  cusps  joined  by  an  obli([ue  ridge,  a  character 
which  is  shared  in  the  old  world  groups  by  man  and  the 
anthropoid  apes  only. 

In  the  spider  monkeys  (Ateles)  the  outer  lower  inciaora  are 
caniuiform,  and  the  canines  which  are  long  and  sharp  are 
vety  like  the  anterior  premolars,  but  have  their  outer  cusps 
much  longer.  The  inner  cusp  of  the  anterior  lower  premolar 
is  hardly  developed,  but  in  pm,  tlie  inner  cusp  and  posterior 
oingulum  is  more  pronounced,  and  in  pm^  it  is  yet  more 
strongly  expressed :  they  are  all  single  rooted,  and  show 
the  relationship  of  the  canine  to  the  premolars  escellently 
weU. 

The  upper  premolars,  especially  the  laat,  have  roots  bifur- 
cated near  their  tips,  but  have  not  three  roots.  The  bifur- 
ofttion  in  the  rout  of  uii  twkes  place  only  low  down,  in  nij 
lower  still,  and  m,  is  single  rooted  and  small,  so  that  the 
.  teeth  show  a  tendency  to  reduction. 

Of  the  upper  molars  the  first  two  are  three  rooted,  but  the 
third  is  hardly  even  bifurcated. 

All  Quadrumana  have  well  developed  milk  dentitions, 

Old  world  or  Catarrkine  monkeys  aD  have  the  same 
dental  formula  na  man — 

■  -      1  „  2  ^  3 


I  jU  an  example  the  Macaque  monkey  may  be  taken.  The 
iqiper  and  lower  incisors,  but  especially  the  former,  are 
directed  obliquely  forn-EU-ds,  ;md  the  lateral  incisors  are  very 
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much  smaller  than  the  ceiitrala.  In  the  upper.jaw  a  con- 
siderable interval  separates  the  inciBora  from  the  canine, 
which  is  a  very  large  tooth,  somewhat  triangular  in  section, 
irith  a  sharp  edge  directed  backwards,  and  with  a  deep 
groove  on  its  anterior  surface. 

The   upper   premolars    are    implanted   by  three  distinct 


ro  ta  IS  ire  niso  the  true  m  lars  the  latter  are  quadri- 
cuspid  but  lack  the  oblique  r  dge 

The  loser  canine  s  a  sharp  and  powerful  tooth,  though 
it  18  ^ery  much  smaller  thin  the  upper;  the  first  lower 
pren  olar  by  its  fiont  surface  articulates  with  the  upper 
cinine  ind  is  of  curious  form  It  is  implanted  by  two 
root's  but  the  anteriot  ro  t  is  produced  forwards,  so  that  the 
anteri.  pte  hoihmhnia 

Th    ap 


nd 


po 
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■lopes  obliquely  forwnrds  down  to  \ts  anterior  root.  This 
peculiarity  in  the  form  of  the  Rret  lower  premolar  is  eminently 
flhftntot«riBtic  nf  the  baboons.  There  is  nothing  to  uot«  of 
the  second  premolar  aave  that  it  ia  implanted  by  two  roots, 
like  the  true  molars,  wliicli  are  quadricuspid ;  of  them  the 
third  is  larger  than  the  first  two,  and  is  quinqtucuapid. 

But  in  some  genera,  e.g.  CercopitheouB,  this  is  reduced  in 
size  and  is  tricuspid. 

There  is  considerable  difference  in  the  size  of  the  canine 
in  the  two  sexes,  that  of  the  male  being  very  much  the 
larger;  this  diflerence  does  not  exist  in  the  deciduous  den- 
tition, in  which  the  canines  are  relatively  small. 

The  Anthropoid  Apes  are  the  Gibbons  (Hylobatea),  the 
Chimpanzee  (Simla  troglodytes,  or  Troglodytes  niger),  the 
Oraiig  (Simla  or  Pithecus  sntynia),  and  the  Gorilla  (Troglo- 
dytes gorilla), 

Ujwn  the  whole  the  gibbons  are  the  lowest,  and  the 
gorilla  the  highest  of  the  anthropoid  apes,  which  ore  all 
confined  to  tropical  areas.  Thus  the  gorilla  and  chimpanzee 
are  confined  to  tropical  Africa,  and  the  orang  is  limited  to  a 
part  of  the  Malay  archipelago.  The  gibbons  are  more 
widely  distributed  over  the  Malay  archipelago  and  tropical 
Asia. 

Although  upon  the  whole  the  gorilla  ajiproacheB  moat 
nearly  to  man,  this  can  hardly  be  said  to  be  the  case  with 
its  dentition.  The  jaws  are  veiy  square,  and  there  is  a  large 
diastema  in  front  of  the  upper  canine,  which  in  the  male 
gorilla  is  of  great  size  and  strength,  its  top  desceudiug  far 
below  the  level  of  the  alveoloi-  border  of  the  lower  jaw  when 
the  mouth  is  shut. 

In  the  lower  jaw  there  is  no  diastema,  but  the  teeth  are 
all  in  contact  with  one  another ;  the  first  of  the  premolars 
is  a  very  strong  pointed  cone,  showing  plainly  the  close 
relationship  between  canines  and  premolars  alluded  to  at  a 
previous  page. 
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feebly  pronounced ;  the  second  is  a  blunter  and  broader 
tooth.  Tho  premolars  are  implanted  by  three  rootB.  The 
molars  are  not  imlike  the  human  teeth  in  pattern. 

In  the  lower  jaw  the  incisors  are  large  and  atoxit ;  the 
canines  sharply  pointed,  with  a  well-marked  tingulum, 
and  a  well-marked  median  ridge  on  the  inner  side  of  the 
orown.  The  first  premolar  is  a  shorter,  stouter,  and 
blunter  copy  of  the  caniue,  and  can  hardly  be  said  to 
have  an  inner  cusp.  In  the  second  premolar  the  inner 
cusp  ia  as  high  as  the  outer,  and  the  cingulum  ia  elevated 
both  before  and  behind  till  it  almost  forms  two  additional 
cuapa,  but  both  have  two  distinct  roots  which  lie  anteriorly 
and  posteriorly  like  those  of  the  lower  molars. 

Indeed,  I  am  not  acquainted  with  any  dentition  which 
exemplifies  the  tninsitioa  from  incisors  to  caninea,  from 
oaninea  to  premolars,  and  from  premolars  to  true  molars, 
better  than  that  of  the  orang. 

There  is  also  a  point  of  interest  about  the  lower  premolars 
■which  may  be  noticed  here.  If  the  lower  first  premolar  of 
one  of  the  anthropoid  apes  be  examined  it  will  be  found 
that  its  posterior  root  occupies  the  whole  width  of  the 
alveolar  border,  but  the  anterior  root,  tliough  when  looked 
at  from  the  outside  it  does  not  greatly  differ,  when  looked  at 
from  above  is  found  to  be  of  much  less  width,  and  it  does  not 
extend  inwards  to  much  more  than  half  the  distance  reached 
by  the  posterior  root. 

There  is  a  form  of  abnormal  root  which  ia  met  with  jn 
the  first  lower  premolar  of  man,  of  sufficient  frequency 
of  occurrence  to  obviously  have  some  significance,  which 
consists  in  the  outer  border  of  the  root  towards  its  apes 
being  folded  forwards  and  inwards,  so  aa  to  present  an 
approximation  to  a  double  root  at  the  end.  I  have  myself 
collected  eighteen  examples  of  this,  and  in  two  it  has  gone  to 
the  extent  of  a  second  sioall  anterior  root  being  completely 
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Thiia  we  hiive  as  a  compwutively  common  abnormality  a 
tendcnoy  to  the  formation  of  two  roota,  one  anterior  and  the 

\  oiber  posterior,  and  in  every  single  iustunee  it  is  the 
posterior  root  which  is  fully  developed,  and  the  anterior  root 
is  tending  to  be  formed  as  a  smaller  1*001,  on  the  outside 
quite  level  with  the  other,  but  not  extending  inwards  in 

,  the  direction  of  its  width  to  nearly  the  same  extent  as  the 
poeterior  root-     In  fact  it  ia  trying  to  parallel  the  state 


Fia.  188  (')- 


s  which  ia  constnut  in  most  anthropoid  apes,  and  is 

[  hardly  explicable  on  any  other  hypothesis  than  that  it  is  a 

in  a  reduced  dentition  like  that  of  a  santhocroie 

it  conceivable  that  there  should  be  a  tendency 

I   to  the  developnient  of  a  second  root  to  the  first  premolar  as 

a  commencement  of  a  new  order  of  things. 

The  lower  molars  resemble  those  of  man,  save  that  their 

surface  is  marked  by  that  finely  wrinkled  pattern  which  is 

oommou  to  all  the  nnwom  teeth  of  the  orang.     One  is 

I  struck  by  the  great  backward  elongation  of  the  jaws,  by 

tiieir   squareneas,    by   the   parallelism    of    the    two  sides, 

(')  Lower  pretDolar  (bum OiD).  Id  the  right-hand  figare  a  BGCOnd  (anterior) 
\ .  root  is  in  proceaa  of  formatioD  by  a,  folding  rannd  of  the  flattened  end  of 
I   flwioot ;  in  the  left  kaad  figure  it  has  attained  to  being  a,  dialjnct  root. 
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Hie  large  size  of  the  canines  being  in  a  measure  a  sexual 
diaracter,  is,  ait  is  so  often  the  case,  not  very  noticeable  iu 
tbe  jonng  animal ;  the  two  accompanying  illustratioDs  of 

[',  ^all  of  a  joang  male  Qniig.     Tbe  upper  canine  <lors  not  neari; 
naeb  lo  tbe  lower  Klreelar  border. 
Cj  Hknll  of  addt  male  Orang,  in  Tbkb  the  ouuna  U  largelj  dereloped. 
(*)  Bide  Tie*  of  iknll  of  an  idiot. 
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a  young  and  ah  ndult  malo  oraiig  may  serve  to  show  this,  as 
well  an  8omc  other  diflerenoes  developed  by  age. 

A  pcouliiirity  of  the  onmg  lies  in  the  enormous  lengtli 
of  the  riHitD  of  its  teeth  ;  this  is  not  xbared  by  the  gorilla, 
the  roots  of  wliose  teotJi  arc  proportionately  shorter,  and 
the  ehimpnnzee  has  roots  far  shorter  and  feebler  than  either. 

Looking  lit  tht'  palatine  surface  of  the  jiiws  of  an  orang, 

Kio.  202  (1), 


the  front  of  the  mouth  is  squarish,  and  the  premolars  and 
molars  stand  nearly  in  a  straight  line,  not,  however,  strictly 
parallel  with  tliuac  of  the  opposite  side,  as  they  approximate 
at  the  liack,  the  tliirti  molars  being  nearer  together  than  the 
premolars.  In  the  gorilla  the  two  sides  of  the  "  arch  "  are 
parallel,  and  in  the  cbimjianzee  they  are  also  nearly  pai-allel, 
with  a  sligiit  approximation  at  the  back. 

The  teeth  of  the  Chimpanzee  are  not  very  powerfully 
doTeloped,  and  the  third  molars  are  a  good  deal  smaller  than 
the  other  teeth ;  the  lower  premolars  also  have  their  two 
roots  more  or  less  fused. 

There  would  appear  to  be  a  great  deal  of  variability  about 
the  articulation  of  the  upper  and  lower  teeth  in  the  higher 
apea.     Thus  in  the  British  Museum  there  are  three  orangs 

C)  Lower  Teeth  of  Orang.  Figure  of  jaws  iona  which  bone  Im  been 
nrnoTed  eiposing  the  roota  of  the  teeth  to  their  eiida. 
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which  are  distinctly  underhung,  and  several  whose  ia< 
present  an  "edge  to  edge"  bite.  There  are  also  three 
underhung  chimpanzees,  as  well  ss  one  which  is  underhung 
in  the  milk  dentition,  a  thing  exceedingly  rare  in  man. 
There  ia  also  an  underhung  gorilla,  and  in  the  museum  of 
the  Odoutological  Soeiety  there  is  a  gorillu's  skull  in.  whieh 
the  lower  jaw  contains  two  supernumerary  teeth  buried  in  the 
substance  of  the  ascending  ramus,  with  their  crowns  looking 
upwards,  close  to  the  foramen  where  the  inferior  dental  nerve 
and  vessels  enter  the  bone  (Odonto.  Soc.  Transac.,  vol.  xix., 
1887). 

The  differences  which  serve  to  distinguish  the  dentition 
of  the  most  anthropomorphic  apes  from  that  of  man  are 
mainly  these.  Relatively  to  the  size  of  the  cranium,  and  of 
the  whole  creature,  the  teeth  and  jaws  are  very  much  latter 
in  all  their  dimensions ;  hence  the  creatures  are  progna- 
thous, and  the  facial  angle  small,  even  when  compared 
with  the  jawH  aJid  cranium  of  an  idiot.  As  might  be  ex- 
pected this  diflerence  is  not  so  great  in  the  young  as  in  the 
adult  animal. 

In  place  of  the  teeth  being  arranged  in  a  sweeping  curve, 
the  jaws  are  squarish,  the  incisors  being  arranged  in  some- 
thing approaching  to  a  straight  line  between  the  two  great 
outstanding  canines,  behind  which  the  premolar  and  molar 
series  run  in  straight  Lnes,  converging  somewhat  as  they  go 
backward.  There  is  a  "  diastema  "  (')  or  interval  in  front  of 
the  upper  canine,  into  which  the  point  of  the  lower  canine 
passes,  when  the  mouth  is  closed.  Both  the  greater  squai-e- 
neas  of  the  jaws,  and  the  esistence  of  a  diastema,  are  direct 
results  of  the  gi-eat  size  of  the  canines,  and  are  consequently 
not  marked  in  young  specimens. 

The  iipper  premolars  are  implanted  by  three  roots,  the 
lower  by  two  roots,  just  like  the  true  molars,  and  thepre- 

(')  Something  approaching  to  a  diastemn  is  said  to  have  heen  oleerTcd 
bf  Yogt  ud  firont  in.  earl;  Eniopeito  skulls. 
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molars  when  unworn  partake  more  of  the  pointed  character 
thfui  they  do  in  muii. 


The 

(')  Upper  l«etb  of  a  Caffir.  Tbe  oblique  ridgo  af  th«  npper  inolsx  is  Sis- 
^net,  not  cnly  upon  the  ficat  and  Eecond,  but  also  upoD  the  third  molar  or 
iriadom  tooth,  which  in  this  skull  hoi  the  ncnnal  three  mote  well  marked. 

C)  Lower  jaw  of  a  Caffir,  in  whieh  tie  quinquicuapid  form  of  the  first 
n^'third  molars  ig  well  seen,  it  boiog  somewbat  leas  stroogly  indicated  in 
the  noiHiii  molare . 


surface,  are  larger  than  the  other  molars  in  the  gorilla 
and  the  orang,  and  there  is  abundant  space  for  tliem,  so 
that  they  phiy  an  important  part  in  mastication.  The 
molar  teeth  of  these  apes  are  also  squai«r,  their  cusps 
sharper  and  longer,  and  the  characteristic  pwttems  more 
strongly  pronounced,  than  in  man.  Moreover  the  intennas- 
illary  bone  is  more  largely  developed,  and  the  intermaxillary 
suture  remains  distinct  through  life. 

AuthropidfB.— In  passing  from  the  highest  of  the  apes 
to  the  lowest  of  mankind,  there  is  a  sudden  change  in  the 
character  of  the  dentition;  but  vhile  it  cannot  but  be 
admitted  that  there  is  a  gap,  yet  the  diiferences  are  rather 
of  degree  than  of  kind. 

Even  in  the  lowest  of  bnmau  races  the  facial  angle  is 
greater,  that  is  to  say,  they  are  much  less  "  prognathous " 
than  the  apes,  and  the  upper  and  lower  incisors  are  more 
nearly  vertical  in  position,  not  meeting  one  another  at  such 
an  angle  as  in  the  apes.  Mr,  Perrin  (Monthly  Review  Dent, 
Surgery,  1S72)  states  that  in  a  gorilla  skull  there  ia  an  inch 
of  hone  in  front  of  the  anterior  palatine  foramen :  in  a  negro 
half  an  inch,  and  in  a  Greek  skull  it  was  close  behind  the 


It  is  generally  said  that  in  man  the  molars  decrease  in 
size  from  before  backwards ;  that  is  to  say,  that  the  first 
molar  ia  the  largest,  while  in  anthropoid  apes,  with  the 
exception  of  the  chimpanzee,  the  contrary  ia  the  case. 
Though  this  is  on  the  whole  true,  it  requires  some  qualifi- 
cation :  thus  in  certain  lower  races,  such  as  the  Australian 
blacks,  the  second  and  third  molars  are  not  smaller  than 
the  first. 

There  is  no  diastema;  no  sexual  difference  in  dentition  ; 
no  tooth  projecting  beyond  its  fellows,  and  the  teeth  are 
arranged  in  an  unbroken  arch.  The  premaxillarj-  bones 
become  fused  with  the  superior  maxillary  early  in  life, 
whereas  in  the  Quadrumana  they  remain  distinct. 
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In  general  terms  it  nmy  be  said  that  the  dentition  of  the 
lower  races  of  mankind  differs  from  that  of  the  higher  in  the 
following  particulars :    the  arch  is  not  so  roimdcd,  but  is 
sqiinrer  in  front;    the  teeth  are  larger,  and  are  disposed -j 
with  groator  regularity  ;  the  wisdom  tooth  has  ample  apace 
to  range  with  the  other  teeth,  and  is  a  charauteriatic  upper  j 
or  lower  molar,  the  pattern  of  its  grinding  surface  (qiiadri'  I 
cnspid  if  it  he  on  upper,  C|uinquicu8pid  if  it  he  a  lower  \ 
tooth)  and  the  dispositiou  of  its  roots  corresponding  with  the  | 
first  and  second  molars,  which  do  not  greatly  exceed  it  in  " 
sixe.     Specimens  of  negro  skulls  nniy  be  found  in  which 
there  ia  scanty  room  for  the  wisdom  tooth,  and  in  which 
couseiiuently  it  is  a  little  stunted  in  its  development :  on 
the   other   hand,  plenty  of  well   formed  and    well   placed 
wisdom    teeth   may  bo   picked   out   of  European   mouths, 
though  as  a  nilo  the  wisdom  tooth  is  much  smaller  than 
the  other  molara,  does  not  liear  the  characteristic  pattern 
of  cuaps  and  grooves,  has  its  roots  connate,  and  it  is  not  very 
infrequently  a  mere  rudimentary  peg.     The  stunted  develop- 
ment of  the  wisdom  tooth  would  seem  to  be  a  consequence 
of  want  of  spaee  during  its  formative  period ;   the  upper 
wisdom  tooth  is  especially  apt  to  be  cramped  in  this  way. 

There  is  some  little  evidence  that  the  wisdom  tooth  is  in 
process  of  disappearance  from  the  jaws  of  civilized  races: 
in  anthropoid  apes  the  wisdom  tooth  is  nearly  or  quite  aa 
lar^  as  the  other  molars,  and  shows  no  variability,  whilst 
it  comes  into  place  almost  simultaneously  with  the  cimine  ; 
in  the  lowest  I'acca  of  mankind  the  wisdom  tooth  appears  to 
TWy  but  little,  is  of  large  size,  and  is  seldom  misplaced  ;  in 
bighly  civilised  rates  it  in  very  variable  in  size,  form,  and  in 
the  date  of  its  oppearance,  is  often  misplaced,  and  ia  not 
uncommonly  quite  nidi  me  ntory.  It  seems  to  be  a  legitimate 
Inference  that  a  further  modification  of  the  race  in  the  same 
direction  will  result  in  the  disappearance  of  the  wisdom 
tooth  altogether. 
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Some  exception  must  howcTer  be  taken  to  snch  genesal 
statements  :  thus  the  K^uimaux  not  uacommonlj'  hare  the 
n-isdom  teeth  small  and  sometimea  crowded  out  of  place ; 
and  amongst  the  African  races  instances  on  the  one  hand  a 
the  wisdom  teeth  being  small,  and  on  the  other,  of  foni 
tme  molais  existing,  are  to  be  met  with. 

NererthelesB,  for  the  present,  a  case  in  which  the  wiadtMn 
teeth  are  very  small  can  hardly  be  called  a  trpical  weO- 
developed  European  mouth. 

In  many  low  riices  (Bosjesman,  Negro^  Australian,  Kew 
Caledouian,  Caffir)  the  second  tower  molar  has  five  cusps, 
just  tike  the  first :  this  is  so  in  the  anthropoid  apes,  hut  in 
European  races  the  fifth  cusp  is  generally  wanting  in  the 
second  lower  molar. 

It  is  believed  by  Professor  Cope  that  the  quadri-tuber- 
eulate  molar  of  European  races  shows  a  tendency  to 
refert  to  a  tri-tut>ercnlate  type  such  as  is  seen  iu  Eocene 
lemurs. 

It  is  not  a  little  interesting  thus  to  find  that  the  differ- 
ences which  serve  to  distinguish  the  teeth  of  the  lowest 
savage  from  those  of  a  Euro;  can,  are  to  a  certain  extent 
the  same  with  those  that  mark  the  step  from  a  Quadni- 
maual  to  a  human  dentition,  though  of  course  the  diver- 
gence of  the  dentition  of  the  savage  from  that  of  the  ape  is 
far  greater  than  is  that  of  the  Enropeas  from  the  lowest 
savage. 

It  is  very  possible  that  the  larger  development  of  the 
jawa  of  the  savage  may  be  simply  due  to  the  harder  work  to 
which  they  are  put  while  he  is  growing  up.  And  after  the 
attainment  of  adult  proportions,  the  teeth  of  such  a  man 
become  greatly  worn  dow-n  by  reason  of  the  hard  and  often 
gritty  nature  of  his  food. 

li  was  pointed  out  by  Mr.  Mummerj-,  in  a  very  instructive 
paper  ("  Transactions  of  the  Odontological  Society,"  vol.  iL, 
new  series,   1869),   that  destructive  wearing  down  of  the 
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teeth  WBB  of  very  common  occurrence  amongst  rude  {')  races,  I 
while  the  coutrarj'  is  true  of  highly  civilised  races ;  this  iraa 
very  likely  diiy  to  the  ikdmixture  of  earth  and  other  foreign 
matter  with  tbe  food.  And,  fVirthermore,  that  the  occurrence 
of  dental  irregularities,  due  to  an  insufiiuient  size  of  the 
arches,  was  eomparatively  speaking  unknovm  among  the 
ruder  rocea,  whilst  it  ha&  heen  common  amongst  peoples  of 
more  luxurioiiB  habits  for  a  long  period  of  time. 

The  range  of  variation  in  the  size  of  the  jaws  of  healthy, 
otherwise  well-developed  adults  is  great :  thus  the  amaUest 
jaw  (occurring  in  a  man  of  stout  build,  above  middle  height) 
with  which  I  am  acquainted  measures  in  width  only  1|  inch, 
and  in  length  from  back  to  front  \^  inch  ;  while  the  largest 
(occurring  in  a  gentleman  of  lesser  stature  ;  of  Basque  ex* 
traction,  moreover,  which  makes  it  the  more  striking)  (3) 
measures  no  less  than  2^  inches  in  width  and  2\  inches  in 
length :  and  even  larger  dimensions  are  recorded  in  the 
"[teiitttl  Cosmos  "of  September,  1876;  the  width  being  taken 
between  the  centre  of  the  alveolar  borders  at  tbe  position  of 
the  wisdom  teeth,  and  the  length  being  measured  on  a  line 
drawn  from  the  incisors  to  another  line  joining  the  two 
wisdom  teeth. 

On  the  whole,  it  must  be  said  that  there  are  fewer 
constant  differences  between  the  teeth  of  the  various  races 
of  mankind  than  might  have  been  d  priori  expected ;  in  fact, 
we  may  almost  say  that  the  teetli  of  savage  man  are  pretty 
much  what  we  should  look  upon  as  an  exceedingly  perfectly 
formed  set  of  teeth  if  we  were  to  see  them  in  the  mouth  of 
a  Earopean. 

Prof.  I-lower  {Joum.  Anthropol.  Instit.,  March,    188.5), 

(1)  To  tLoBB  races  mentioned  bj  Mr.  Monimerj  may  be  added  the 
nutnnd-buitilere  of  Ifortb  Ataerica,  whose  teetb  vere  always  woni  dawn  to 


(')  Mogilot 
nawjuHi,  par  e 


t,  Jo  la  Pee.  Anthropol,  de  Paris,  I 
e,  remarquableB  par  la  petitesse  extr 
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haa  invcatigated  the  relation  of  the  size  of  the  teeth  to  that  of 
the  skull  very  closely,  with  the  result  of  bringing  out  certain 
race  distinctions.  As  measures  for  comparison  he  takes  the 
length  of  the  cranio-facial  aids,  meosared  from  the  front  edge 
of  the  occipital  foramen  to  the  naso-frontal  suture,  and  the 
length  from  the  front  of  the  first  premolar  to  tlie  back  of  the 
third  molar  in  situ.     His  "  Dental  Index"  is  arrived  at  thiui'f 

Dental  Mcx  =  Igj^th  .f  Teeth  x  100 

Cranio-facial  axis 

This  gives  figures  ranging  from  42  (microdont),  43  (meafnl 
dont),  44  and  upwai'ds  (megadont). 

As  in  the  female  tlie  skull  is  smaller  whilst  the  teeth  a 
the  same,  a  slightly  higher  index  is  an'ivcd  at  in  thei 

The  Microdont  races  are — 


Eui-opeajj. 

Egvptian. 

British. 

Polynesian. 

The  Mesodont  are — 

Chinese. 

Ma]a\'3. 

American  Indian. 

Negi-oea. 

And  the  Megadont— 

Melanesians. 

Australian. 

Andamanese. 

Tasmanian, 

As  to  this  classification  it  is  to  be  remarked  that  the  teeth 
of  Polynesians  are  actually  lai'ger  than  those  of  liuropeanSj 
but  the  cramio-facial  nsis  is  of  extreme  length,  so  that  the 
index  is  reduced ;  this  is  also  the  case  with  the  American 
Indians,  whilst  the  Andamanese  are  brought  into  the 
Megadont  series  by  the  relative  size  of  teeth  to  the  basis 
oranii,  though  in  this  small  people  the  teeth  are  actuaUy 

The  dental  index  of  Megadont  races  being  from  44-47, 
that  of  the  chimpanzee  is  little  more  than  the  higlicst  of 
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these,  namely  47*9,  whilst  the  orang  rises  to  55,  and  the 
gorilla  to  54,  but  in  the  gibbon  the  index  is  as  low  as  41'7. 
It  is,  however,  the  opinion  of  the  African  traveller  Mr. 
Stanley,  that  the  teeth  of  African  races  vary  in  accordance 
with  the  build  of  the  individual,  and  particularly  with  the 
size  of  the  jaws,  such  small  races  as  the  Somalis  having 
small  teeth.  It  docs  not  appear,  however,  that  these  impres- 
sions are  based  upon  actual  exact  measurement,  but  only 
upon  general  appearance.  He  mentions  that  many  of  the 
races  who  show  no  regard  for  cleanliness  otherwise,  assiduously 
clean  their  teeth. 

The  dental  formula  of  man  is  of  course 

.212  3 

1      -  c         p         m 

2         1    *^    2  3 

But  the  question  has  recently  been  raised  as  to  which  of  the 
incisors  of  the  typical  mammalian  dentition  are  wanting. 

Prof.  Sir  W.  Turner  ("  Joum.  Anat.  and  Physiol.,"  1885), 
and  Mr.  Andrew  Wilson  ("British  Denl.  Assoc.  Joum.,"  1885), 
bring  forward  a  certain  amount  of  evidence  which  raises  a 
doubt  as  to  whether  it  is  not  ij  which  is  missing  in  man.  In 
cases  of  cleft  palate  the  cleft  is  often  demonstrably  not  in 
the  line  of  the  intermaxillary  suture  but  well  within  it,  and 
there  is  often  an  incisor-like  tooth  on  the  canine  side  of  the 
cleft  as  well  as  two  on  the  other  side  of  it,  a  so-called  **pre- 
caninc."  The  frequency  of  occurrence  of  this  tooth,  and  a 
study  of  those  cases  in  which  the  incisors  are  present,  lend 
some  support  to  the  idea  that  it  is  ia  which  is  lost  in  the 
ordinary  human  dentition. 


ctiA^m'tV'-?- 
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THE    TEETH    OF    MAEfSUPlAl.IA. 

The  srreat;  sub-elass  of  MarsnpIaU,  consistiiig'  of  animalB  Tery 
sharply  marked  off  from  placental  Mammals  br  niBQ?  strihiiig' 
peeuliaritieB.  ami  amongst  others,  by  the  very  helpless  condition  in 
which  the  fiEtus  in  bom,  waa  Once  Tery  widely  di.stributed  over  the 
g-lobe.  Now,  however,  Marsupials  are  nmneroua  only  in  Australia, 
where  they  are  almost  the  sole  representatives  of  the  Mammalian 
class  ;  there  are  a  few  Marsupials  elsewhere,  as  in  America 
(OpOBsums)  and  New  Guinea ;  bnt  there  are  no  Marsupials  in 
Europe,  most  parts  of  Asia,  and  Africa. 

The  MareupialB  of  America  are  all  Opossums  (DideljiAidir'),  and 
this  family  is  not  repi'esentAcl  in  AQHtralia.  There  is  evidence  to 
indicate  that  the  Marsupials  of  America  have  nothing  at  all  to  do 
with  the  Australian  Marsnpials.  but  were  derived  from  a  different 
eource,  at  the  time  when  Marsupials  abounded  all  over  Europe. 

The  Marsupials  of  Anstralia  almost  monopolise  that  country ; 
thus  Mr.  Wallace  says  of  it:  "The  Australian  region  is  broadly 
distinguished  from  all  t^e  rest  of  the  globe  by  the  entire  abeenoe 
of  all  tlie  orders  of  non-aquatic  mammalia  that  abound  in  the  old 
world,  escept  two — the  Winged  Bats  (Chiruj/tera),  and  the  equally 
cosmopolitan  Eodents.  Of  these  latter,  however,  only  one  family  is 
represented — the  Moridte — (comprising  the  Rats  and  Mice),  and 
the  Australian  repreaentaiives  of  these  are  all  of  small  or  moderate 
sixe — a  suggestive  fact  in  appreciating  the  true  character  of  the 
Australian  fauna. 

■■  In  place  of  the  Quadmmana,  Camivora,  and  Ungolntes,  which 
abound  in  endless  variety  in  all  the  other  zooloj^cal  regions  under 
equally  favourable  conditions,  Australia  possesses  two  new  orders 
or  sab-classes,  Marsupialja  and  Monotremata,  found  nowhere  else 
in  the  globe,  eicept  a  single  family  of  the  former  in  America, 

"  The  Marsupials  are  wonderfully  developed  in  Australia,  where 
they  exist  in  the  most  diversified  forms,  adapted  to  different  modes 
of  life.  Some  are  oamivorouB,  some  herbivorous,  some  arboreal, 
others  terrestrial.  There  are  insect-eaters,  root-g'nawers,  fruit- 
eaters,  honey-eaters,  leaf  or  grass- feeders. 
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'*  Some  resemble  wolves,  others  marmots,  weasels,  squirrels,  flying 
squirreL*,  dormice,  or  jerboas. 

*'  They  are  classed  in  six  distinct  families,  comprising  about  thirty 
irenera,  and  nubserve  most  of  the  purposes  in  the  economy  of  nature 
fulfilled  in  other  parts  of  the  world  by  very  different  groups.;  ye<^ 
they  all  poHt^»s  the  common  peculiarities  of .  ^tructure.  and  habits 
which  nhow  that  they  are  members  of  one  stock,  and  have  no  real 
affinity  with  the  old-world  forms,  which  they  often  outwardly 
resemble." — "  Geographical  Distribution  of  Animals,"  p.  391, 

I  have  quoted  this  passage  from  Mr.  Wallace,  because 
much  of  it  is  applicable  to  the  teeth. 

In  Australia,  the  present  homo  of  the  marsupials,  repre. 
sentative  species  abound ;  that  is  to  say,  widely  different 
though  the  animals  really  are,  there  are  many  genera  and 
species  wliich  have  the  habits  of,  and,  as  it  were,  fill  the 
place  of  sucli  creatures  as  the  Caniivora  and  Insectivora  and 
Rodents  amongst  the  placental  mammalia.  And  not  only 
do  they  possess  something  of  their  habits  and  external  con. 
figuration,  but  in  those  characteristic  structures  which  are 
subservient  to  the  creature^s  immediate  wants,  the  marsupial 
representatives  closely  mimic  the  more  highly  organised 
placental  mammals.  Thus  the  teeth  of  an  insect-eating 
marsupial  very  closely  resemble  those  of  a  true  Insectivore, 
though  retaining  certain  eminently  marsupial  characters ; 
in  the  same  way  the  dentition  of  the  marsupial  Thylacine 
mimics  that  of  a  dog  (compare  Figs.  206  and  207). 

And  although  marsupial  dentitions  do  vary  very  much, 
yet  there  are  many  transitional  forms  by  which  we  are  some- 
times able  to  trace  the  successive  modifications  through 
which  extreme  divergence  has  been  ultimately  attained. 

Just  as  we  ascribe  to  placental  mammals  the  formula — 

3        14         3 
i  3   c  -J  P  ^  m   -3  =  44 

as  the  typical  or  parent  dental  formula,  so  recent  marsupials 
possess  the  following — 

3        13        4, 
i .  —  c  -  -  p  -  m 44 . 

^3        1  *^   3         4  "  * 

H   H 
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Though  no  livisg    marsupial  has  more  than  three  pre- 

mohira,  it  may  be  presumed  that  four  w.-ia  the  original 
number,  aa  in  placental  mammals,  and  Ur.  Oldtield  Thomas 
has  found  in  DBsyuniB  and  in  Phascologale  dotsalia  a  fourth 
tooth,  in  the  position  of  pm^  ;  he  infers,  therefore,  that  it  is 
pm,  which  has  been  lost  by  recent  marsupiala,  and  further 
points  out  tliiit  a  marked  gap  exists  in  this  itituatiun  in 
Didclphys,  Perameles,  and  others.  In  several  of  the  earlier 
fo«8iI  inaraupials,  t.g.,  Triconodon,  Ctenocodon,  Plagiaulax, 
and  others,  there  are  four  premoljirs  and  four  true  molara.  h 
The  miirsupiab  are  grouped  into  : —  ^H 

(LJ  Teeth  with  definite  mots.  ^H 

(a.)  Diprotodonts,  i     ,     The  central,  upper,  and 
the  lower  inciaors,  are  large  and  trenchant, 
the  canines  small  or  absent :  e.g.,  Macropue 
and  Phalaugista. 
('..)  Polyprotodont. — Teeth   rooted,    inciaora    nu- 
merous,   small  and  subeqoal ;  canines  large, 
and     molars     strongly    tubercahtted :     ^.g., 
Didelphys. 
(it)  Teeth  all  of  persistent  growth  :   e.g.,   Pliaacolomys 
(VVombat). 

Though  tho  total  number  of  teeth  is  the  same  as  in 
placental  mammals,  the  marsupial  has  only  three  premolars 
and  has  four  true  molars.  The  premoliirs  (fidue  molars) 
differ  from  the  true  molars  in  the  greater  simplicity  of  their 
crowns,  just  as  in  most  placental  mammals ;  but,  although, 
looking  at  tho  complete  adult  dentitions,  no  hesitation  would 
be  felt  iu  classing  the  teeth  under  the  heads  of  premolars 
niid  true  molars,  yet  there  is  a  curious  anomaly  in  the  buc- 
coasion  of  the  tieeth  which  applies  to  the  whole  of  the  aub- 
claaa  Marsupialia,  and  to  some  estt^nt  invalidates  the  defini- 
tion of  "  premolar  "  as  applied  to  their  teeth.     Only  one  of 
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the  premolars  (the  hindmost)  has  vertically  displaced  a  milk 
tooth ;  indeed,  the  whole  milk  dentition  of  marsupials  con- 
sists of  four  milk  molars  (one  on  each  side  of  each  jaw), 
there  being  no  milk  incisors  nor  canines  in  any  known 
marsupial.  It  is  further  pointed  out  by  Professor  Flower, 
who  was  the  first  to  fully  describe  these  peculiarities  in  the 
succession  of  marsupial  teeth  ("  Phil.  Trans.,"  1867),  that  the 
extent  to  which  the  solitary  milk  molar  is  developed  varies 
much  in  the  different  families ;  no  trace  of  any  succession 
has  been  observed  in  the  Wombat ;  in  the  Thylacine  (a  dog- 
like creature)  the  small  milk  molar  is  calcified,  but  is 
absorbed  or  shed  prior  to  any  other  teeth  being  erupted ; 
whilst  in  the  Kangaroos  it  is  retained  till  a  much  later 
period  (see  page  478),  and  in  the  Kangaroo  Rat  (Hyp- 
siprjTnnus)  the  milk  molar  has  not  yet  given  place  to  its 
successor  at  the  time  when  the  last  permanent  molar  has 
come  into  place,  so  that  it  for  a  long  time  ranges  with  the 
other  teeth  and  does  work. 

This  subject  luis  been  further  investigated  by  Mr.  Oldfield 
Thomas,  who  has  found  that  the  Dasyuridse  present  the  same 
milk  dentition  as  the  other  families,  that  is  to  say,  that 
some  have  a  well-developed  milk  molar,  and  that  it  occurs 
in  various  phases  of  reduction,  some  having  none  at  all 
("Phil.  Trans.,"  1887).  This  author  writing  of  Phascolo- 
gale,  one  of  the  Dasvuridse,  says  : — 

"  The  normal  state  of  a  member  of  this  group  is  to  have 
three  well-developed  premolars,  the  last  one  of  which  has  a 
milk  predecessor.  Then  a  tooth  reduction  has  taken  place, 
all  of  which  has  fallen  upon  what  is  evidently  a  peculiarly 
plastic  tooth,  i.e.^  PUI4,  and  this,  with  the  milk  tooth  pre- 
ceding it,  has  been  decreased  in  various  degrees  and  in  the 
end  suppressed,  as  in  the  allied  genera  Dasyurus  and  Sarco- 
philus." 

Those  species  which  have  a  large  pm^  have  preceding  it  a 
tricuspid  milk  tooth,  but  as  pm^  gets  reduced,  the  milk 

H  H  2 
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tootli  preceding  it  ia  reduced  still  faster  till  it  quite  aborts  :' 
even  then  tlie  pmi  presents  the  peculiarity  of  being  erupted, 
and  indeed  not  being  calcified,  until  later  thou  the  other 
teeth. 

The  question  whether  the  tooth  change  of  the  marsupials 
is  tho  remnant  of  a  more  complete  change  in  an  ancestral 
form,  or  is  the  dawning  of  a  more  complete  change,  is  dis- 
cussed at  length  by  Mr.  Oldfield  Tbomaa. 

That  it  is  the  first  formation  of  a  change  he  holds  strongly, 
mainly  because  the  marsupials  are  at  a  lower  stage  of  evolu- 
tion, and  so  it  would  be  unlikely  that  they  had  once 
evolved  a  cliange,  ami  then  evolved  it  away  again,  seeing 
that  is  clearly  useful  to  placental  mammals— because  five 
out  of  the  six  marsupial  fiimilies  have  precisely  the  some 
amount  of  tooth  change,  which  would  be  unlikely  if  it  were 
an  atavism— and,  becauae.  no  fossil  mai"supiala  present  any 
indication  of  a  fuller  change,  but  have  just  the  some. 

This  peculiarity  of  the  possession  of  a  single  milk  tooth 
was  fully  establish(.-d  even  in  Mesozoic  times,  as  is  ciempli- 
fied  in  Tria?anthodon  and  other  Mesozoic  maraupials. 

Mr.  Oldfield  Thomas  suggests  as  an  explanation,  that 
there  first  took  place  a  retardation  of  a  back  permanent 
tooth,  perhajM  useful  for  "  packing  "  purposes  in  a  jaw  as 
yet  small,  and  that  wheu  the  retardation  had  gone  to  a  cer- 
tain point,  a  milk  ttKith  was  developed  to  fill  the  gap  in  the 
series  which  would  otherwise  have  existed. 

It  is  difficult  to  obtain  very  yotmg  marsupials,  and 
material  for  the  complete  elucidation  of  the  subject  is 
wanting ;  but  I  have  had  the  opportunity  of  making  sections 
of  the  jaws  of  several  young  specimens  (Perameles  and  Hal- 
maturus),  taken  from  the  pouch  by  my  friend  Prof.  Moseley, 
and  I  have  not  so  far  succeeded  in  finding  any  uncalcilied 
germs  or  other  indications  of  any  more  teeth  of  a  milk 
dentition. 

A  further  peculiarity  of  the  mai-supials  is  the  structure  of 
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(')  Enainel  and  dentine  of  a  Kangaroo  (Klacropua  major). 
The  dentinal  tubes  in  the  dentine  [A)  arq  tumiahed  with  nnmerons  short 
bianahes  at  tbe  line  of  juncture  with  the  enamel  ;  tbe;  are  dilated,  and  a 
little  bent  out  of  their  couree,  vhile  beyond  the  dilatation  they  paea  on 
through  about  twu-thirda  of  tlie  thickuess  of  the  enamel  in  a  straight 
Doone  and  without  branchea.  Unty  a  pai-t  of  the  whole  thickness  of  the 
eDBmel  is  ahown  in  the  figure,  ii.  Enamel  penetrated  b;  the  tabee. 
0.  lodiTiduuL  dentinal  tube. 
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their  enamel,  which  is  penetrated  by  the  dentinal  tubes. 
My  father,  some  years  ago,  described  and  figured  the  teeth 
of  a  large  number  of  marsupial  genera  ("Phil.  Trans.," 
1850),  and  found  that  although  in  the  different  families  the 
tube  system  of  the  enamel  varied  in  its  richness  and  in  the 
depth  to  which  the  tubes  penetrated,  yet  it  was  con- 
spicuously present  in  the  whole  class,  with  the  sole  exception 
of  the  Wombats,  in  whom  nothing  of  the  kind  is  to  be  found. 
Prof  Moseley^s  specimens  have  afforded  to  me  the  opportu- 
nity of  studying  the  development  of  this  tubular  enamel,  and 
the  result  of  my  investigations  will  be  detailed  elsewhere  ; 
but  it  may  be  mentioned  that  the  formation  of  the  enamel 
tube  appears  to  be  precisely  analogous  to  that  of  a  dentine 
tube,  and  at  a  certain  period  the  enamel  cells  have  appended 
to  them  long  processes  like  the  dentinal  fibres.  The  dila- 
tation noticeable  at  the  boundary  line  of  the  enamel  and 
the  dentine  (see  Fig.  205)  is  a  kind  of  clumsy  joint  brought 
about  by  the  coalescence  at  this  point  of  the  tube-forming  cells 
— on  the  one  side  odontoblasts,  on  the  other  enamel  cells. 

There  exists  one  genus  of  flesh- eating  marsupials  whose 
ferocity  is  such  as  to  have  gained  for  them  the  names  of 
wolf  and  tiger,  while  the  resemblance  of  the  head  to  that  of 
a  dog  has  given  origin  to  the  popular  name  of  "  dog-headed 
opossums  "  (^). 

The  resemblance  to  the  dog  in  dentition  is  even  more 
close  than  in  external  form  :  whilst  retaining  certain  mar- 
supial attributes,  the  teeth  of  the  Thylacine  are,  so  far  as 
their  working  capabilities  go,  almost  exactly  like  those  of  the 
dog.     The  dental  formula  is — 

.413        4 
1       c      p  -    m  -. 

3       1^3        4 
The  incisors  are  small,  close  set,  and  sharp  edged,  the 

(^)  It  has  of  course  no  real  relationship  to  the  true  opossums,  which  are 
not  found  in  Australia. 
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outermost  beiug   somewhat  caniniform.      The    i 

Btout.  pointed  tenth,  not  quite  so  long  relatively  as  those   I 

of  a  dog.     The  premoltirB  are  conical  teeth,  implanted  by 


two  roots,  and  very  siniilar  to  those  of  the  dog ;  they  are 
followed  in  the  upper  jaw  by  four  molars,  increasing  in  size 

(')  Upper  and  laner  teeth  of  the  Thylacine.  The  rudimentai?  milk 
molar,  whkh  ia  absorbed  before  birth,  baa  bean  placad  oim  tha  tiiird  oi 
last  of  the  preniotara,  which  BUCceeds  to  it  vcrticaltj. 

{-)  Upper  and  lower  teeth  of  a  Dog,  which  are  placed  side  by  Bida  with 
those  of  the  Thjlaciue,  to  show  the  many  points  of  lesemblance  between 
the  two  dentitions. 
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from  ttie  first  to  the  third,  but  tbe  last  true  nwlar  is 
a  smaller  tooth. 

The  upper  molars  are  all  of  the  "camassial"  paH«m; 
there  ia  a  "  blade "  elevated  into  subsidiary  cusps,  and 
intemaliy  to  this  a  "  tubercle,"  supported  by  a  third  root. 

The  lower  molara  also  beiu-  some  resemblance  to  the  car- 
nassial  teeth  of  the  dog.  consistiug  of  a  stroug,  sharp-edged 
blade,  with  anterior  and  posterior  subsidiary  cuspa,  the  latter 
being  somewhat  broad  and  tubercular. 

An  allied  animal  (Daayurus  ursinus),  though  smaller  than 
the  Thylaciue,  aud  having  teeth  of  a  less  sectorial  character, 
is  so  destructive  to  sheep  and  so  fierce  and  untamable,  that 
it  has  earned  the  name  of."  Tasmanian  Devil." 

Within  the  limits  of  the  siune  genus,  a  species  (DasjTirus 
viverrinua)  ia  to  be  found,  in  which  the  molar  teeth  are 
studded  over  with  long  sharp  cuaps,  like  the  teeth  of 
Insectivora,  a  group  which  it  resembles  both  in  its  habits 
and  food. 

A  number  of  smaller  marsupials  approximate  in  their 
dentition  more  or  less  to  tbe  Insectivorous  type,  whilst  & 
tolerably  complete  chain  of  existing  forma  sencs  to  bridge 
over  the  gap  between  the  rapacious  Dasyuridte  and  the 
herbivorous  Kangaroos  and  Wombats. 

Amongst  the  Opossums  the  larger  species  have  large 
canines,  and  a  dentition  in  its  genei'al  features  approxi- 
mating to  the  Daayuridic ;  they  feed  upon  birds  and  small 
mammals,  as  well  as  upon  reptiles  and  insects,  while  the 
smaller  s|)eciea  are  more  purely  insectivorous. 

Myrmecobius,  a  small  Austrahan  marsupial  of  insectivo- 
rous habits  aud  dentition,  is  remarkable  as  having  teeth  in 
excess  of  the  number  of  the  typical  mammalian  dentition, 
having — 

.413         6 
'  3   "^  1    P  3   ™   6- 
In  the  Phalangers,  nocturnal  arboreal  animals  foimd  in 
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Australia  and  a  part  of  the  Malay  Archipelago,  the  canines, 
though  present,  are  feeble  ;  an  interspace  also  separates  the 
incisors  from  the  molar  series. 

The  lower  incisors,  reduced  to  a  single  pair,  are  procum- 
bent, and  grow  from  persistent  pulps ;  there  is  thus  func- 
tionally some  faint  approach  to  the  character  of  a  rodent 


Fia.  208  0). 
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dentition,  as  may  be  seen  by  an  inspection  of  the  accom- 
panying figure,  though  there  is  a  strongly  marked  transverse 
condyle  to  the  lower  jaw.  Phascolarctos  cinereus  has  been 
shown  by  Mr.  Oldfield  Thomas^o  have  the  same  reduced 
milk  dentition  as  Thylacinus. 

The  name  **  Kangaroo  Rats  "  (Hypsiprymnus)  is  applied 
to  a  genus  consisting  of  about  a  dozen  species ;  they  are  all 
small  creatures,  not  much  larger  than  rabbits,  but  having 
the   general   proportions  of  Kangaroos.      They  are  quiet, 

(^)  Teeth  of  Phascolarctos  cinereus.     An  outline  figure  of  the  skull  is 
placed  above  to  show  the  general  **  rodent "  aspect  of  the  skull. 
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gentle  little  creatures,  of  strictly  herbivorous  habits,  and 
they  are  interesting  to  the  odontologist  as  possessing  a 
dentition  which  throws  some  light  upon  several  anomalous 
extinct  forms,  whose  habits  and  affinities  have  been  the 
subject  of  much  controversy. 
The  dental  formula  is — 

3       114 
ij  c   ^p  j-m-. 

The  first  pair  of  upper  incisors  are  sharply  pointed,  are 
directed  nearly  vertically  downwards,  and  grow  from  per- 
sistent pulps.  The  second  and  third  do  not  grow  from 
persistent  pulps,  and  their  worn  crowns  do  not  attain  to  the 
same  level  as  those  of  the  first  pair. 

All  three  pairs  are  antagonised  by  the  single  pair  of  large 
procumbent  lower  incisors,  of  which  the  sharp  points  meet 
the  first  pair  of  upper  incisors,  while  the  obliquely-worn 
surface  behind  the  cutting  edges  impinges  against  the  second 
and  third  upper  incisors. 

The  arrangement  of  the  incisors,  and  the  sharpness  of 
their  cutting  edges,  are  calculated  to  effect  the  same  objects 
as  those  attained  by  the  incisors  of  a  rodent ;  a  still  closer 
resemblance  would  be  brought  about  by  the  dwindling 
(which  occurs  in  other  genera)  and  final  disappearance  of 
the  second  and  third  upper  incisors,  and  a  compensating 
extra  development  of  the  first  pair. 

The  canines  are  not  large ;  yet  they  are  not  so  small  as 
to  be  termed  rudimentary ;  in  the  lower  jaw  they  are 
absent. 

Only  one  premolar  exists  in  the  adult,  and  this  is  a  very 
peculiar  tooth  ;  its  crown  is  very  long  from  back  to  front 
(at  least  twice  as  long  as  any  of  the  molars,  and  in  some 
species  as  long  as  three  of  the  molars),  and  consists  of  a 
finely  furrowed  blade  with  a  sharp  edge ;  the  blades  of  the 
upper  and  lower  teeth  slide  over  one  another.     Behind  this 
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there  are  four  true  molars,  with  square  qiiadricuapid  crowns, 
wliich  bocimie  umcli  woni  lUiwn  by  use. 

The  last  and  only  premoliir,  the  tooth  to  which  attention  hae 
already  been  drawn  uu  accotmt  of  its  size  aud  other  peou- 
liarities,  by  virtue  of  it«  gi-eat  size  displaces  not  only  the 

Fis.  20B(i). 


i 


milk  molar,  to  which  it  is  the  legitimate  snccesaor,  but  also 
turns  out  tho  premolar  in  front  of  it,  a  tootb  belonging  to 
the  "  perreaaent  "  series. 

In-  this   particular  the    succesaion   of  the  teeth  in 
Hypsiprymnus  ia  the  same  ns  that  of  the  true  Kangaroo, 
which  nmy  be  understood  by  a  reference  to  Fig.  211. 

There  are  some  extinct  marsupials,  known  only  by  their 
jaws,  which  have  been  the  subject  of  much  controversy. 
Professor  Owen,  baaing  his  arguments  largely  upon  the 
presence  of  premolars  which  possessed  elongated  .■\nd  sharp- 
edged  blades,  held  that  Pliiijiaulax  and  Thi/lacole.o  were 
carnivorous,  saying  of  the  latter  that  it  possessed  the  simplest 
and  most  effective  dental  machinery  for  predatory  life  knowa 

('}  Upper  anil  lowBr  teeth  of  HypaiprTmnua  (BettongLa)  {Omii  ?) .     The 
dentttioH  rejiresented  \a  that  of  the  adult  uiimst,  tho  permanent  premolar 
n  the  figiira,  pin.  if  we  accept  Mr.  Oldfield  Thoniaa'a  vieKs— cf. 
p.  466)  being  already  in  place. 


r 
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among  mammalia ;  Dr.  Fiilcorier,  in  the  case  of  the  first,  and 
Professor  Flower  in  the  case  of  the  Thylacolco,  having  shown 
this  view  to  be  untenable,  or  at  least  imaiipported  by  adequate 
evidence. 

Prof.  Marsh  haa  described  several  Mesozoic  foTms  like 
Plagiaulas,  but  upper  aod  lower  jaws  not  having  been  found 
together  in  liiu  it  is  some  what  problematical  which  upper 
belonga  to  which  lower  jaw. 

The  lower  jaw  of  Cteoacodoo,  found  in  strata  of  Jurassic 

Fio.  210  (I 


age,  has   a   single   long  pointed   incisor,    four   ( 

cutting  premolars,  and  two  minute  tubercular  molars  behind 

The  clue  to  the  nature  of  the  great  blade-shaped  teeth  of 
these  extinct  creatures  is  afforded  by  the  form  of  the 
premolar  of  the  herbivorous  Hypaipiymnua  (see  Fig.  209). 
The  incisors  were  reduced  in  number,  and  were  large ;  the 
teeth  between  them  and  the  large  premolar  were  stunted  ; 
but  both  these  points  are  true  of  the  herbivorous  Kangaroos. 
The  Thylacoleo  differs,  however,  from  all  known  animals  by 
the  immense  size  of  the  thin-edged  premolar  (worn  flat  in 
aged  animals),  and  by  the  rudimentary  condition  of  its  true 
molara.     But   its  incisors,  lying  forwards    and  closely   ap- 

(')  Lower  jaw  of  Ctenacoiloii  (after  Marsb). 
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proximated  in  the  middle  line,  are  particularly  unsuitable 
for  catching  and  holding  anything  alive  and  struggling, 
whilst  the  nearest  resemblance  to  the  blade-shaped  tooth  is 
to  be  found  in  harmless  herbivorous  creatures,  so  that  the 
balance  of  evidence  is  much  against  Professor  Owen^s  view. 
The  dental  formula  of  Thylacoleo  was — 

.3131 
'    i   %   Pl^2- 

The  firet  upper  incisor  was  very  large,  and  the  second  and 
third  very  small,  as  were  the  canine  and  the  first  two  upper 
premolars  :  but  the  last  upper  and  the  only  lower  premolars 
were  great  blade  shaped  teeth  like  the  large  premolar  of 
Hypsiprymnus,  only  far  larger. 

Thus  its  useful  teeth  were  only  a  pair  of  incisors  above 
and  below,  and  a  pair  of  sectorial  premolars. 

The  Kangaroos,  comprising  many  species  of  very  varying 
size,  are  all  docile  creatures  (with  the  exception  of  a  few  old 
males),  of  herbivorous  habits;  they  in  some  particulars 
recall  the  ruminants. 

Their  dental  formula  is — 

.301         4 
1  -  c   -    p    -   m  -. 

1        0^1         4 

The  three  pairs  of  upper  incisors  are  more  equal  in  size  than 
in  the  Hypsiprymnus,  and  the  central  pair  dp  not  grow  from 
persistent  pulps.  The  lower  incisors  are  very  peculiar 
teeth ;  they  grow  from  persistent  pulps,  are  procumbent, 
projecting  forwards  almost  horizontally,  and  are  very  much 
flattened  from  side  to  side,  their  outer  surfaces  being  but 
slightly  convex,  and  their  inner  surfaces  flat,  with  a  median 
ridge.  Their  margins  are  almost  sharp.  There  is  an  un- 
usual amount  of  mobility  between  the  two  halves  of  the 
lower  jaw,  so  that  these  two  teeth  can  be  to  a  slight  extent 
separated  from  one  another. 

The  upper   canine   is   often   present   as   a   very  minute 
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rudiment,  but  ii 


1 

jater         | 


1  Kangaroii  does  it  attain  to  a  greater 

The  dentition  of  the  Kangaroo  is  somewhat  perplexing 
to  the  student,  for  two  reaaonB :  the  one,  that  the  last  or 
third  permanent  premolar  not  only  displaces  the  solitary 
milk  molar,  but  also,  us  in  Hjpsiprymnns,  on  account  of  its 


greater  size,  the  second  pcrniant'iit  preninlar,  which  naa  in 
front  of  the  milk  molar;  and,  besides  tli is,  in  animals  past 
adult  age,  tcetli  are  shed  off  from  the  front  of  the  molar 
series  till  at  last  only  the  last  two  true  molars  on  each  side 


Thus  the  dentition  of  the  Kangaroo  at  successive  ages  may 
be  thus  represented — 


or,  in  all,  six  molar  teeth.     Then  the  third  premolar  displaces 

[')  Upper  and  lov/er  teeth  of  HalmatuniB  nalabatuH.  The  permanent 
premolar  is  not  jet  eruptfld,  und  is  shown  izi  ila  erypt ;  when  it  comes 
into  its  place  it  will  displace  the  milk  moUr,  and  onn  of  the  anttrior  pre- 
molare  as  well.  In  the  upper  jaw  a,  radimentarj  canine  ia  shown.  The 
point  oE  the  lowur  incisor  would  fit,  in  closure  of  the  mouth,  behind  the 
long  anterior  upper  iiieieor,  hut  the  width  of  the  i>ag«  did  not  admit  of  the 
teeth  beiny  placed  in  thair  true  rslative  pOBltiona  without  reduction  in 
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the  second  true  permanent  premolar  as  well  as  the  milk 
molar,  and  we  have — 

.301,  \       4 

1  -  c  -    p  -  (a  new  one)  m  -, 

1       0  M  ^  ^4' 

or,  in  all,  only  five  molar  teeth. 

Then,  one  after  another,  teeth  are  shed  oflF  from  the  front 
of  the  molar  series,  just  as  in  the  PhacocheBrus  (see  page 
406),  till  all  that  is  left  is— 

.300         2 
1  -  c        p  -  m     . 

1        0  *^  0         2 

The  milk  molar  of  the  Kangaroo  is  a  fully-developed  tooth, 
which  takes  its  place  with  the  other  teeth,  and  is  not  dis- 
tinguished from  them  by  any  special  characters,  so  that  mere 
inspection  of  the  jaw  of  a  young  Kangaroo  having  it  in  place, 
at  the  same  time  with  a  premolar  in  front  of  it  and  four  true 
molars  behind  it,  would  not  lead  an  observer  to  suspect  its 
real  nature. 

No  existing  creature  serves  to  connect  the  Kangaroos 
closely  with  the  Wombat,  but  the  extinct  Diprotodon  appears 
to  have  in  a  measure  bridged  across  the  gap. 

The  Wombats  (Phascolomys)  are  heavily-built,  inoffensive 
creatures,  which  burrow  in  the  ground  and  subsist  largely 
upon  roots.  In  their  dentition  they  closely  simulate  the 
rodents,  as  they  possess  but  a  single  pair  of  chisel-edged 
incisors  in  either  jaw,  growing  from  persistent  pulps,  and 
embedded  in  very  deep  and  curved  sockets.  These  differ 
from  the  corresponding  "dentes  scalprarii "  of  true  rodents 
in  that  there  is  a  complete  investment  of  cement,  which 
passes  over  the  enamel  in  front  of  the  tooth  as  well  as  cover- 
ing its  back  and  sides.  They  are  unlike  the  teeth  of  other 
marsupials  in  their  structure,  as  the  dentinal  tubes  do  not 
penetrate  the  enamel,  which  is  therefore,  probably,  harder 
and  denser  and  so  less  readily  worn  away. 
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The  molar  teeth  also  grow  from  persistent  pulps,  and  are 
very  deeply  grooved  upon  their  sides,  so  that  their  grinding 
surfaces  are  uneven. 

Their  dental  formula  ii 


.10       1         4 
M  '  0  P  T  "  4- 


The  first  tooth  of  the  molar  series  is  a  single  column, 


Fig.  212(>). 


2 


"2  Nat.  Size 


whereas  the  deep  grooving  of  the  others  divides  them  into 
two  columns,  so  that  its  simpler  appearance,  as  well  as 
analogy,  would  indicate  that  it  is  a  premolar.  But  no 
succession  whatever  has  been  observed  in  the  Wombats. 

The  adaptive  resemblance  to  the  dentition  of  the  true 
rodents  is  exceedingly  close,  though  the  Wombat  is  an 
undoubted  marsupial ;  and  the  very  closeness  of  the  imita- 
tion is  an  exemplification  of  the  fact  that  adaptive  charac- 
ters are  very  apt  to  mislead,  if  used  for  the  purposes  of 
classification. 

Extinct  Wombats,   of  very  much   larger   size   than   the 


{})  Upper  and  lower  teeth  of  "Wombat  (Phascoloniys  wombat). 
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recent  apcoiea,  are  found  in  the  Uter  tertiitry  deposits  ofii 
Auatrulia.  I 

Amniigst  the  niarsupiala  thoro  ia  a  protty  little  iirboreal  I 
orentnre  (Tnrsipes),  not  larger  than  a  small  rat,  which  sub-  1 
siata  upon  insects  and  the  nectar  of  flowers,  which  it  reaches  1 
by  means  of  n  long  protruaibJe  tongue.  Ita  molar  t«eth  J 
are  nidimentarj-,  Toriable  in  nuinlier,  and  are  soon  shed  J  J 
the  lower  incisors,  which  are  procumbent,  arc  however  re-  ] 
tftiued,  as  are  a  few  small  teeth  which  are  opposed  to  them  k 
alwve.  I 

The  wonderfiil  divereity  of  the  forms  into  which  the  I 
mareupinls  have  branched  out  in  Australia  seems  to  prove 
that  they  have  been  established  in  that  region,  and  have 
been  without  the  competition  of  more  highly  organised 
placental  mammals,  for  a  prodigious  length  of  time ;  and 
one  cannot  bettor  conclude  the  very  brief  sui-vey  of  the 
teeth  of  mammalia  which  has  been  attempted  in  this  volume 
than  by  calling  the  reader's  attention  again  to  the  character 
of  the  marsupial  fauna — this  microcosm,  in  which  every 
place  is  filled  by  a  marsupial  which  mimics  the  placental 
mammal  which  it  represents — for  nowhere  can  we  more 
plainly  see  the  workings  of  natural  selection  than  in  areas 
thus  isolated  and  deprived  of  immigrant  creatures  for  count- 
leas  ages. 

In  the  foregoing  pages  much  stress  has  been  laid  upon 
the  variability  of  animals,  and  the  agencies  by  means  of 
which  the  variations  have  been  preserved  and  intensified, 
GO  to  speak,  so  that  ultimately  permanent  hereditary  modi- 
fications have  been  the  result,  variations  be  it  noted  not 
always  smiill  (see  p.  29i) ;  and  it  is  possible  that  in  laying 
this  aspect  of  the  matter  prominently  Ijefore  the  reader 
an  impression  of  too  great  instability  may  have  been  con- 
veyed ;  and  thus  the  teeth  of  creatures  made  to  appear 
more  plastic  and  more  shifting  than  they  really  are,  for  it 
is  hardly  possible  to  realize  the  enormous  lengths  of  time 
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during  which  the  ageQciea  have  been  at  work,  and  without 
which  they  would  have  been  powerless  to  produce  profound 
alterations. 

The  procesB  which  we  term  inheritance  is  constantly  re- 
producing animals  which  arc  minute  copies  of  their  parents  ; 
copies  which  are  even  more  exact  than  we  can  at  first  sight 
realise. 

Thus,  even  amang;st  different  species  of  the  same  genus, 
whose  teeth  are  apparently  quite  similar  so  far  as  their 
number  and  pattern  goes,  differences  exist  which  are  constant 
for  the  species,  and  which  may  be  brought  into  promi- 
nence by  any  method  of  investigation  which  is  sufficiently 
accurate.  And  those  engaged  in  the  practice  of  dental 
surgery  meet  with  curious  examples  of  inherited  variation, 
sooietimea  taking  the  form  of  irregularity  in  the  position  of 
teeth,  and  sometimes  of  the  absence  or  dwarfing  of  a 
particular  tooth  ;  these  abnormalities,  running  through 
several  generations,  are  often  presented  by  a  large  pro- 
portion of  the  children  of  one  generation. 

Nature  is  never  eitravagant,  and  an  or^n  which  owing 
to  altering  conditions  is  becoming  superfluous,  is  sure  to  be 
destroyed.  For  the  operation  of  natural  selection  is  just  as 
necessary  for  the  preservation  of  an  organ  which  has  arrived 
at  a  certain  standard  by  the  process  of  evolution  aa  it  was 
for  the  bringing  it  up  to  that  standard — the  remission  of  the 
operations  of  natural  selection  lead  surely  to  its  degradation 
and  final  disappearance. 

And  so  it  happens  that  whilst  an  organism  is  as  a  whole 
progressing,  some  of  its  parts  may  be  becoming  superfluous, 
and  be  retrograding,  after  a  time  coming  down  to  the  con- 
dition of  nidimentary  organs.  Thus  almost  all  early  mam- 
malia had  a  continuous  row  of  teeth,  with  no  diastema;  from 
this  the  teeth  of  monkeys  had  advanced  in  specialisation  and 
acquired  a  diastema,  but  in  man  the  diastema  has  been  lost 
again,  so  that  quit  the  teeth,  mau  bas  retrograded. 
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THE    TEETH   OF  MARSVFIALIA. 

It  is  perhaps  diaappoiiitiog  that,  comparatively  simple,  I 
accoagiblc  and  iudeatnictible  as  teeth  are,  no  sutisfactoiy  ] 
comprehensive  scheme  of  their  evolution  even  in  mammalia  I 
haa  been  act  forth.  The  extreme  imperfection  of  the  j 
geological  record  is  auch  that,  with  the  exception  of  a  few  , 
comparatively  small  groups,  the  material  upon  which  t 
build  wide  generalisations  is  not  ia  hand,  and  too  many  j 
gaps  remain  to  be  bridged  over  by  conjecture. 

Professor  Cope,  who  is  an  advocate  of  the  mechanical . 
genesis  of  tooth  forms,  has  been  the  chief  worker  in  this 
field  (Homologies  »nd  origin  of  types  of  molar  teeth, 
Journ.  Philadclph.  Acad.  1874-,  and  niimerons  papers  i 
American  Naturalist),  and  he  holds  that  the  primitive 
mammalian  tooth  must  have  been  a  simple  cone,  like  a  , 
cetacean  tooth  ("  Haplodont "),  and  that  this  was  first 
complicated  by  the  addition  of  low  cuapa  before  and  behind, 
and  subsequently  also  laterally. 

These  early  teeth  would  have  alternated  with  one  another 
in  closure  of  the  jaws,  and  this  alternation  of  the  teeth  lasted 
for  a  long  period  in  geologic  time. 

It  has  been  pretty  well  CBtablislied  by  Professor  Cope  and 
Professor  Osbom  (p.  318)  that  Mesozoio  mammals  had 
attained  the  stage  in  which  the  molars  were  trituberculate, 
but  the  teeth  still  interdigitated,  and  did  not  meet  grinding 
surface  to  grinding  surface. 

But  although  Professor  Cope's  researches  have  been  of  the 
iitmoKt  value,  and  some  of  his  terms  have  obtained  general 
currency,  fresh  facts  are  continually  coming  to  light,  which 
render  attempts  at  absolute  generalisation  almost  futile.  As 
an  example  we  may  take  the  recently  discovered  teeth  of 
Ornithorhyncus.  Now  this  is  a  mammal  of  so  low  a  type, 
and  with  so  many  affinities  with  the  Sauropsida  that  we 
might  have  fairly  expected  that,  if  it  had  teeth  at  all,  they 
would  have  been  of  the  simplest  conical  form.  But  instead 
of  their  being  such,  they  are  of  complex  form,  and  show 
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indicatioiLs  of  descent  from  some  creature  in  which  they 
were  more  complete,  and  functionally  more  active. 

So  this  discovery,  instead  of  helping  us  much  in  our 
apeculatiotiB,  seems  to  relcgEkte  to  a  still  more  remote  period 
that  common  ancestor  whose  teeth  were  all  siiaple  cones, 
if  such  there  were ;  but  there  reuiaina  an  ample  scope  for 
work  of  this  kind  in  the  study  of  tlie  homologies  of  the 
teeth  of  those  ancient  animals  which  are  already  known, 
whose  numbers  are  being  added  to  almost  every  day. 
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The  object  of  this  series  is  to  furnish  good  manuals 
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between  the  compend  on  one  hand  and  the  prolix  text- 
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No.  6,    ORGANIC  OHEMISTRT. 

Or  the  Chemiftry  of  the  Gtrbon  Compounds.  By  Prof. 
Victor  von  Richter,  UDivernty  of  Breslau.  Au- 
thorized translatioD,  from  the  Fourth  German  Edition. 
By  Edgar  F.  Smith,  m.a.,  ph.d.  ;  Prof,  of  Chemistry 
in  University  of  Pennsylvania;  Member  of  the  Chem, 
Socs.  of  Berlin  and  Paris. 

"  I  must  tay  that  thU  standard  treatise  is  here  presented  in  a 
remarkably  compendious  shape."— ^.  IV,  H<dland,  u.d.,  Prqfeuifr 
qf  ChemiHry  Jefferson  MetUcal  College,  Philadelphia. 

'*  This  work  brinies  the  wh<^  matter,  in  simple,  plain  language, 
to  the  student  in  a  cleitr,  comprehensive  manner.  The  whole 
method  of  the  work  is  one  that  is  more  readilv  grasped  than  that  of 
old«r  and  more  turned  text^books,  and  we  look  forward  to  the  tkne 
when,  to  a  great  extent,  this  work  will  supersede  others,  on  the 
score  of  its  oetter  adaptation  to  the  wants  of  both  teacner  and 
student." — Pharmaceutical  Record. 

**  ProC  voik  Ricbter's  work  has  the  merit  of  being  singularly 
clear,  well  arranged,  and  for  its  bulk,  comprehensive.  Hence,  it 
wiU,  as  we  find  it  intimated  in  the  preCure,  prove  useful  not  merely 
as  a  text-book,  but  as  a  manual  of  reference." — The  Chemical 
NewSf  London. 

No.  6.    DISBASB8  OF  OHILDRBN. 

SECOND  EDITION. 

A  Manual.  By  J.  F.  Goodhart,  m.d.,  Phys.  to  the 
Evelina  Hospital  for  Children;  Asst.  Phys.  to 
Guy*s  Hospital,  London.  Second  American  Edition. 
Edited  and  Rearranged  by  Louis  Starr,  m.d.,  Qinical 
Prof,  of  Dis.  of  Children  in  the  Hospital  of  the  Univ. 
of  Pennsvlvania,  and  Physician  to  the  Children's  Hos- 
pital, Phila.  Containing  many  new  Prescriptions,  a  list 
of  over  50  Formulae,  conforming  to  the  U.  S.  Pharma- 
copceia,  and  Directions  for  making  Artificial  Human 
Milk,  for  the  Artificial  Digestion  of  Milk,  etc.    Illus. 

"  The  author  has  avoided  the  not  uncommon  error  of  writing  a 
book  on  general  medicine  and  labeling  it  '  Diseases  of  Children,' 
but  has  steiulil^  kept  in  view  the  diseases  which  seemed  to  be 
incidental  to  childhood,  or  such  points  in  disease  as  appear  to  be  so 
peculiar  to  or  pronounced  m  children  as  to  justilV  insistence  upon 
them.  *  *  *  A  safe  and  reliable  guide,  and  in  many  ways 
admirably  adapted  to  the  wants  of  the  student  and  practitioner."— 
American  Journal  0/  Medical  Science. 

Price  of  sach  Book.  Cloth,  13.00 ;  Leather,  13.60. 
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"Tlioroughly  individual,  original  and  earnest,  the  work  evi- 
dently of  a  close  observer  and  an  independent  thinker,  this  book, 
though  small,  as  a  handbook  or  compendium  is  by  no  means  made 
up  of  bare  outlines  or  standard  facts." — The  Therapeutic  Go- 
nette. 

"As  it  is  said  of  some  men,  so  it  misht  be  said  of  some  books, 
that  they  are  'bom  to  greatness/  This  new  volume  has,  we 
believe,  a  mission,  particularly  in  the  hands  of  the  younger 
members  of  the  profession.  In  these  days  of  prolixity  in  medical 
literature,  it  is  refreshing  to  meet  with  an  author  who  Icnows  both 
what  to  say  and  when  he  has  said  it.  The  work  of  Dr.  Goodhart 
(admirably  conformed,  by  Dr.  Starr,  to  meet  American  require- 
ments)  is  the  nearest  approach  to  clinical  teaching  without  the 
actual  presence  of  dinicsd  material  that  we  have  yet  seen." — New 
York  Medical  Record. 

No.  7.    PRAOnOAL  THBRAPBUTIOS. 

FOURTH  EDITION,  WITH  AN  INDEX  OP  DISEASES. 

Practical  Therapeutics,  considered  with  reference  to 
Articles  of  the  Materia  Medica.  Containing,  also,  an 
Index  of  Diseases,  with  a  list  of  the  Medicines 
applicable  as  Remedies.  By  Edward  John  Waring, 
M.D.,  F.R.C.P.  Fourth  Edition.  Rewritten  and  Re- 
vised by  Dudley  W.  Buxton,  m.d.,  Asst.  to  the  Prof, 
of  Medicine  at  University  G>ilege  Hospital. 

"  We  wish  a  copy  could  be  put  in  the  hands  of  every  Student  or 
Practitioner  in  the  cotmtry.  In  our  estimation,  it  is  the  best  book 
of  the  kind  ever  written.   —AT.  Y.  Medical  Journal, 

No.  8.    MEDIO AL  JUBISPBUDENCE  AND 
TOXIC»LOaY. 

NEW,  REVISED  AND  ENLARGED  EDITION. 

By  John  J.  Reese,  m.d..  Professor  of  Medical  Jurispru- 
dence and  Toxicology  in  the  University  of  Pennsyl- 
vania ;  President  of  the  Medical  Jurisprudence  Society 
of  Phila. ;    2d  Edition,  Revised  and  Enlarged. 

**  This  admirable  text-book." — Amer.Jour.  of  Med,  Sciences, 
"  We  lay  this  volume  aside,  after  a  careful  perusal  of  its  pages, 
with  the  profotmd  impression  that  it  should  be  in  the  hands  of  every 

doctor  and  lawyer.    It  fiiUy  meets  the  wants  of  all  students 

He  has  succeeded  in  admirably  condensing  into  a  handy  volume  all 
the  essential  points." — Cincinnati  Lancet  and  Clinic. 

Price  of  •ach  Book,  Cloth,  13,00;  Leather,  13.50. 
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ANATOMY. 

Holden*8  Anatomy.  A  manual  of  Dissection  of  the  Human 
Body.  Fifth  Eklition.  Enlarged,  with  Marginal  References  and 
over  300  Illustrations.    Octavo.  Cloth,  5.00 ;  Leather,  6.00 

Bound  in  Oilcloth,  for  the  Dissecting  Room,  $4.50. 

"  No  student  of  Anatomy  can  take  up  this  book  without  being 
pleased  and  instructed.  Its  Diagrams  are  original,  striking  and 
suggestive,  giving  more  at  a  glance  than  pages  of  text  description. 
*  *  *  The  text  matches  the  illustrations  in  directness  of  prac- 
tical  application  and  clearness  of  detail." — New  York  Medical 
Rtcord. 

Holden's  Human  Osteology.  Comprising  a  Description  of  the 
Bones,  with  Colored  Delineations  of  the  Attachments  of  the 
Muscles.  The  General  and  Microscopical  Structure  of  Bone  and 
its  Development.  With  Lithographic  Plates  and  Numerous  Illus- 
trations.   Seventh  Edition.    8vo.  Cloth,  6.00 

Holden's  Landmarks,  Medical  and  Surgical.    4th  ed. 

Cloth, 1.25 

Heath's  Practical  Anatomy.  Sixth  London  Ekiition.  24  Col- 
ored Plates,  and  nearly  300  other  Illustrations.  Cloth,  5.00 

Potter's  Compend  of  Anatomy.  Fourth  Edition.  1x7  Illus- 
trations. Cloth,  1. 00;  Interleaved  for  Notes,  1.25 

CHEMISTRY. 
Hartley's  Medical  Chemistry.  Second  Edition.  A  text-book 
prepared  specially  for  Medical,  Pharmaceutical  and  Dental  Stu- 
dents.   With  50  Illustrations,  Plate  of  Absorption  Spectra  and 
Glossary  of  Chemical  Terms.    Revised  and  Enlai^ed.    Cloth,  a.  50 

*«*  This  book  has  been  written  especially  for  students  and  phy- 
sicians. It  is  practical  and  concise,  dealing  only  with  those  parts 
of  chemistry  and  physics  pertaining  to  medicine ;  no  time  being 
wasted  in  long  descriptions  of  substances  and  theories  of  interest 
only  to  the  advanced  chemical  student. 

Blozam's  Chemistry,  Inorganic  and  Organic,  with  Experiments. 
Seventh  Edition.  Enlarged  and  Rewritten.  Nearly  300  Illus- 
trations. Cloth,  4. 50 ;  Leather,  5. 50 

Richter's  Inorganic  Chemistry.  A  text-book  for  Students. 
Third  American,  from  Fifth  German  Edition.  Translated  by 
Prof.  Edgar  F.  Smith,  ph.d.  89  Wood  Engravings  and  Colored 
Plate  of  Spectra.  Cloth,  a. 00 

Richter's  Organic  Chemistry,  or  Chemistry  of  the  Carbon 
Compounds.  Translated  by  Prof.  Edgar  F.  Smith,  ph.d. 
Illustrated.  Qoth,  3.00;  Leather,  3.50 
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Cknnutry  : — Conitnuid, 

Trimble.  Practical  and  Analytical  Chemistry.  A  Course  in 
Chemical  Analysis,  by  Henry  Trimble,  Prof,  of  Analytical  Qiem- 
istry  in  the  Phila.  College  of  Pharmacy.  Illustrated.  Third 
Edition.    8vo.  Qoth,x.5o 

Tidy.    Modern  Chemistry,    ad  Ed.  Cloth,  5.50 

Leffinann's  Compend  of  Chemistry.  Inorganic  and  Organic. 
Including  Urinary  Analysis  and  the  Sanitary  Examination  of 
Water.    New  Edition.    Cloth,  i. 00;   Interleaved  for  Notes,  x. 35 

Miiter.  Practical  and  Analjrtical  Chemistry.  Second  Edi- 
tion.    Revised  and  Illustrated.  Qoth,  3.00 

Holland.  The  Urine,  Common  Poisons,  and  Milk  Analysis, 
Chemical  and  Microscopical.  For  Laboratory  Use.  3d 
Edition,  Enlarged.    Illustrated.  Cloth,  z.oo 

Van  Niiys.    Urine  Analysis.    Illus.  Cloth,  2.00 

Wolff's  Applied  Medical  Chemistry.  By  Lawrence  Wolff, 
M.D.,  Demonstrator  of  Chemistry  in  Jefferson  Medical  College, 
Philadelphia.  Cloth,  x.eo 

CHILDREN. 

Qoodhart  and  Starr.  The  Diseases  of  Children.  A  Manual 
for  Students  and  Physicians.  By  J.  F.  Goodhart,  m.d..  Physi- 
cian to  the  Evelina  Hospital  for  Children ;  Assistant  Physician 
to  Guy's  Hospital,  London.  American  Edition,  Revised  and 
Edited  by  Louis  Starr,  m.d.,  Clinical  Professor  of  Diseases  of 
Children  in  the  Hospital  of  the  University  of  Pennsylvania; 
Physician  to  the  Children's  Hospital,  Philadelphia.  Containing 
many  new  Prescriptions,  a  List  of  over  50  Formulae,  conforming 
to  the  U.  S.  Pharmacopceia,  and  Directions  for  making  Arti- 
ficial Human  Milk,  tor  the  Artificial  Digestion  of  Milk,  etc. 
Second  Exlition.     Illustrated.  Cloth,  3.00;  Leather,  3.50 

Day.  On  Children.  A  Practical  and  Systematic  Treatise. 
Second  EUiition.    8vo.    753  pages.        Cloth,  3.00;  Leather,  4.00 

Meigs  and  Pepper.  The  Diseases  of  Children.  Seventh 
EUiition.     8vo.  Cloth,  5.00 ;  Leather,  6.00 

Starr.  Diseases  of  the  Digestive  Organs  in  Infancy  and 
Childhood.  With  chapters  on  the  Investigation  of  Disease, 
and  on  the  General  Management  of  Children.  By  Louis  Starr, 
M.D.,  Clinical  Professor  of  Diseases  of  Children  in  the  Univer- 
sity of  Pennsylvania;  with  a  section  on  Feeding,  including  special 
Diet  Lists,  etc.    Illus.  Cloth,  3.50 
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DENTISTRY. 
Fillebrown.    Operative  Dentistry.     330  Illustrations.    Juti 

Rteuly.  Cloth,  3.50 

Flagg's  Plastics  and  Plastic  Filling.    3d  Ed.        Preparing, 
Qorgas.    Dental  Medicine.    A  Manual  of  Materia  Medica  and 

Therapeutics.    Third  Edition.  Cloth,  3.50 

Harris.  Principles  and  Practice  of  Dentistry.    Including 

Anatomy,  Physiology,  Pathology,  Therapeutics,  Dental  Surgery 

and  Mechanism.    Twelfth  Edition.    Revised  and  enlarged  by 

Professor  Gorgas.    1038  Illustrations.  Qoth,  7.00 ;  Leather,  8.00 
Richardson's   Mechanical   Dentistry.     Fifth  Edition.     569 

Illustradons.    8vo.  Cloth,  4.50 ;  Leather,  5.50 

Stocken's  Dental  Materia  Medica.  Third  Edition.  Qoth,  a.50 
Taft's  Operative  Dentistry.   Dental  Students  and  Practitioners. 

Fourth  Edition.    100  Illustrations.       Qoth,  4.25  ;  Leather,  5.00 
Talbot.     Irregularities  of  the  Teeth,  and  their  Treatment. 

Illustrated.    8vo.  Cloth,  2.00 

Tomes'  Dental  Anatomy.    Third  Ed.     191  lUus.    Preparing. 
Tomes'  Dental  Surgery.     3d  Edition.      Revised.     39a  lUus. 

773  Pages.  Qoth,  5.00 

DICTIONARIES. 

Cleaveland's  Pocket  Medical  Lexicon.  Thirty-first  Edition. 
Giving  correct  Pronunciation  and  Definition  of  Terms  used  in 
Medicine  and  the  Collateral  Sciences.    Very  small  pocket  size. 

Qoth,  red  edges  .75 ;  pocket-book  style,  z.oo 

Longley's  Pocket  Dictionary.  The  Student's  Medical  Lexicon, 
giving  Definition  and  Pronunciation  of  all  Terms  used  in  Medi- 
cine, with  an  Appendix  giving  Poisons  and  Their  Antidotes, 
Abbreviations  used  in  Prescriptions,  Metric  Scale  of  Doses,  etc. 
34mo.  Cloth,  z.oo;  pocket-book  style,  1.35 

EYE. 
Arlt.    Diseases  of  the  Bye.    Including  those  of  the  Conjunc- 
tiva, Cornea,  Sclerotic,  Iris  and  Ciliary  Body.    By  Prof.  Von 
Arlt.  Translated  by  Dr.  Lyman  Ware.   IIlus.  8vo.    Cloth,  3.50 
Hartridge  on  Refraction.    4th  ExL  Cloth,  2.00 

Macnamara.    Diseases  of  the  Eye.    4th  Edition.    Revised. 
Colored  Plates  and  Wood  Cuts  and  Test  Types.         Qoth,  4.00 
Meyer.    Diseases  of  the  Eye.    A  complete  Manual  for  Stu- 
dents and  Physicians.    270  Illustrations  and  two  Colored  Plates. 
8vo.  Cloth,  4.50;  Leather,  5.50 

Fox  and  Gould.  Compend  of  Diseases  of  the  Eye  and 
Refraction,    ad  Ed.    Enlarged.    71  lUus.    39  Formulae. 

Cloth,  1 .00 ;  Interleaved  for  Notes,  1.35 
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ELECTRICITY. 

Mason's  Compend  of  Medical  and  Surgical  Electricity. 
With  numerous  Illustrations,    zamo.  Cloth,  z.oo 

HYGIENE. 

Parkea'  (Ed.  A.)  Practical  Hygiene.    Seventli  Edition,  en- 
larged.   Illustrated.    8vo.  Qoth,  4.50 

Parkea*  (L.  C.)  Manual  of  Hygiene  and  Public  Health, 
lamo.  Cloth,  a. 50 

Wilson's    Handbook  of  Hygiene  and  Sanitary  Science. 

Sixth  Edition.    Revised  and  Illustrated.  Qoth,  a. 75 

MATERIA  MEDICA  AND  THERAPEUTICS. 

Potter's  Compend  of  Materia  Medica,  Therapeutics  and 
Prescription  Writing.     Fifth  Edition,  revised  and  improved. 

Cloth,  Z.00:  Interleaved  for  Notes,  z.a5 
Biddle's  Materia  Medica.    Eleventh  Edition.    By  the  late 
John  B.  Biddle,  m.d..  Professor  of  Materia  Medica  in  Jefferson 
Medical  College,  Philadelphia.  Thorouglily  revised,  and  in  many 
parts  rewritten,   by  his  son,  Qement  Biddle,  m.d.,  Assistant 
Surgeon,  U.  S.  Navy,  assisted  by  Henry  Morris,  m.d..  Demon- 
strator of  Obstetrics  in  Jefferson  Medical  College.    8vo.,  illus- 
trated. Cloth,  4.35:  Leather,  5.00 
Headland's  Action  of  Medicines.    9th  Ed.    8vo.     Qoth,  3.00 
Potter.    Materia    Medica,   Pharmacy   and    Therapeutics. 
Including  Action  of  Medicines,  Special  Therapeutics,  Pharma- 
cology, etc.    Second  Edition.  Qoth,  4.00;  Leather,  5,00 
Starr,  Walker   and    Powell.     Synopsis  of  Physiological 
Action  of  Medicines,  based  upon  Prof.  H.  C.  Wood's  "  Materia 
^fedica  and  Therapeutics."    3d  Ed.    Enlarged.  Cloth,  .75 
Waring.    Therapeutics.    With  an  Index  of  Diseases  and  an 
Index  of  Remedies.     A  Practical  Manual.     Fourth  Edition. 
Revised  and  Enlarged.                    *     Qoth,  3.00 ;  Leather,  3.50 

MEDICAL  JURISPRUDENCE. 
Reese.  A  Text-book  of  Medical  Jurisprudence  and  Toxi- 
cology. By  John  J.  Reese,  M.D. ,  Professor  of  Medical  Juris- 
prudence and  Toxicology  in  the  Medical  Department  of  the 
University  of  Pennsylvania ;  President  of  the  Medical  Juris- 
prudence Society  of  Philadelphia;  Physician  to  St.  Joseph's 
Hospital ;  Corresponding  Member  of  The  New  York  Medico- 
legal Society.  2d  Edition.  Cloth,  3.00;  Leather,  3.50 
Woodman  and  Tidy's  Medical  Jurisprudence  and  Toxi- 
cology.   Chromo-Lithographic  Plates  and  1 16  Wood  engravings. 

Cloth,  7.50 ;  Leather,  8.50 
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MISCELLANEOUS. 

AUingham.  Diseases  of  the  Rectum.  Fourth  Edition.  Illus- 
trated.   8yo.  Paper  covers,  .75;  Cloth,  z. 25 

Beale.    Slight  Ailments.    Their  Nature  and  Treatment.    Illus- 
.trated.    8vo.  Cloth,  z.35 

Domville  on  Nursings    6th  Edition.  Cloth,  .75 

Qowrers.  Diseases  of  the  Nervous  System.  341  Illus- 
trations. Cloth,  6.50 ;  Leather,  7.50 

Mann's  Manual  of  Psychological  Medicine,  and  Allied  Ner- 
vous Diseases.  Their  Diagnosis,  Pathology  and  Treatment,  and 
their  Medico-Legal  Aspects.    Illus.     Cloth,  5.00 ;   Leather,  6.00 

Tanner.  Memoranda  of  Poisons.  Their  Antidotes  and  Tests. 
Sixth  Edition.  ,  Revised  by  Henry  Leffmann,  m.s.       Cloth,  .75 

Parvin.    Lectures  on  Obstetric  Nursing.    32mo.    Cloth,  .75 

OBSTETRICS  AND  GYNECOLOGY. 

Byford.  Diseases  of  Women. .  The  Practice  of  Medicine  and 
Surgery,  as.  applied  to  the  Diseases  and-  Accidents  Incident  to 
Women.  By  yv.  H.- Byford,  a.m.,  m.d..  Professor  of  Gynaecologv 
in  Rush  Medical  College  and  of  Obstetrics  in  the  Woman's  Med- 
ical College,  etc.,  and 'Henry  T.  "Byford,  m.d..  Surgeon  to  the 
Woman's  Hospital  of  Chicago  ;  Gynaecologist  to  St.  Luke's 
Hospital,  etc.  Fourth  Edition.  Revised,  Rewritten  and  En- 
larged. With  306  Illustrations,  over  zoo  of  which  are  original. 
'Octavo.    832  pages.  Cloth,  5.00 ;  Leather,  6.00 

Cazeaux  and  Tarnier's  Midwifery.  With  Appendix,  by 
Munde.  The  Theory  and  Practice  of  Obstetrics ;  including  the 
Diseases  of  Pregnancy  and  Parturition,  Obstetrical  Operations, 
etc.  By  P.  Cazeaux.  Remodeled  and  rearranged,  with  revi- 
sions and  additions,  by  S.  Tamier,  m.d..  Professor  of  Obstetrics 
and  Diseases  of  Women  and  Children  in  the  Faculty  of  Medichie 

•  of  Paris.  Eighth  American,  from  the  Eighth  French  and  First 
Italian  Edition.  Edited  by  Robert  J.  Hess,  m.d.,  Physician  to 
the  Northern  Dispensary,  Philadelphia,  with  an  appendix  by 
Paul  F.  Munde,  m.d..  Professor  of  Gynaecology  at  the  N.  Y. 
Polyclinic.  Illustrated  by  Chromo- Lithographs,  Lithographs, 
and  other  Full-page  Plates,  seven  of  which  are  beautifully  colored, 
And  numerous  Wood  Engravings.  Students*  Edition.  One 
Vol.,8vo.  Cloth,  5.00;  Leather,  6.00 

Lewers'  Diseases  of  Women,  A  Practical  Text-Book.  139 
Illustrations.  .   '  Cloth,  2.25 

Parvin's  Winckel's  Diseases  of  Women.  Second  Edition. 
Including  a  Section  on  Diseases  of  the  Bladder  and  Urethra. 
Edited  by  Prof.  Theophilus  Parvin,  Jefferson  Medical  Col- 
lege, Philadelphia.  150  Illustrations.  Second  Edition,  Revised 
and  Enlarged.      See /age  3.  Cloth,  3.00 ;  Leather,  3.50 

Morris.    Compend  of  Gynsecology.    Illustrated.      In  Press. 
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ObsUtrict  and  Gyn€K9logy  :~^C»niinu€d, 

WinckePs  Obstetrics.  A  Text-book  on  Midwifery,  includ- 
ing the  Diseases  of  Childbed.  By  Dr.  F.  Winckel,  Professor 
of  Gynecology,  and  Director  of  the  Royal  University  Clitaic  for 
Woinen,  in  Munich.  Authorized  Translation,  by  J.  Clifton 
Edgar,  m.d..  Lecturer  on  Obstetrics,  University  Medical  Col- 
lege, New  York,  with  nearly  aoo  handsome  illustrations,  the 
majority  of  which  are  original  with  this  work.  Octavo.  In  press. 

Landis'  Compend  of  Obstetrics.  Illustrated.  4th  edition, 
enlarged.  Cloth,  i.oo ;  Interleaved  for  Notes,  1.25 

Qalabin's  Midwifery.  A  New  Manual  for  Students.  By  A. 
Lewis  Galabin,  ic.d.,  p.k.c.p..  Obstetric  Physician  to  Guy's 
Hospital,  London,  and  Professor  of  Obstetrics  In  the  same  Insti- 
tution, aaj  Illustrations.   Seepages,    Qoth,  3.00;  Leather,  3.50 

Glisan's  Modern  Midwifery,    ad  Edition.  Cloth,  3.00 

Rigby's  Obstetric  Memoranda.  By  Alfred  Meadows,  m.d. 
4th  Edition.  Cloth,  .50 

Meadowrs*  Manual  b\  Midwifery.  Including  the  Signs  and 
Symptoms  of  Pregnancy,  Obstetric  Operations,  Diseases'  of  the 
Puerperal  State,  etc.    145  lUustrations:    494  pages.    Cloth,  a.oo 

Swrayne's  Obstetric  Aphorisms.  For  the  use  of  Students 
commencing  Midwifery  Practice.    8th  Ed.    lamo.      Qoth,  1.35 

PATHOLOGY.    HISTOLOGY.    BIOLOGY. 

Bowlby.  Surgical  Pathology  and  Morbid  Anatomy,  for 
Students.    X35  Illustrations,    xamo.  Qoth,  a.oo 

Davis'  Elementary  Biology.    Illustrated.  Qoth,  4.00 

Rindfleisch's  General  Pathology.  By  Prod  Edward  Rind- 
flelsch.  Translated  by  Wm.  H.  Mercur,  m.d.  Edited  by  James 
Tyson,  m.d..  Professor  of  Clinical  Medicine  in  the  University 
of  Pennsylvania.  lamo.  Cloth,  a.oo 

Qilliam's  Essentials  of  Pathology.  A  Handbook  for  Students. 
47  Illustrations,     xamo.  Cloth,  a.oo 

*«*The  object  of  this  book  is  to  unfold  to  the  banner  the  funda- 
mentals of  pathology  in  a  plain,  practical  way,  and  by  bringing 
them  within  easy  comprehension  to  increase  his  interest  in  the  study 
of  the  subject. 

Qibbes'  Practical  Histology  and  Pathology.  Third  Edition. 
Enlarged,    xamo.  Cloth,  1.75 

Virchow's  Post-Mortem  Examinations,    ad  Ed.    Cloth,  x.oo 

PHYSICAL  DIAGNOSIS. 

Bruen's  Physical  Diagnosis  of  the  Heart  and  Lungs.  By 
Dr.  Edward  T.  Bruen,  Assistant  Professor  of  Clinical  Medicine 
in  the  University  of  Pennsylvania.  Second  Edition,  revised. 
With  new  Illustrations,     xamo.  Qoth,  x.50 
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PHY8IOLOOY. 
y*o'«  Pbir«iol«f  jr.  Fourth  Edition,  The  aoH  Popular  Sen- 
dcaa'  Book.  J^  Gerald  F.  Yeo,  m.n,,  wji^,%,,  Pnbmor  of 
Vkfukiogy  Im  KJm^%  CoOcfe,  Loadoo,  Snail  Octavo,  75S 
MfM,  32(  carmolf  priaitcd  llhitrartom.  With  a  Full 
ijkftmry  Mtd  fadex,    5r/  Pagt 3,         Qoch,  3x>o;  Lanher,  3,50 

9rubak€r*9  Commend  of  Fhywiology,  lUmtnud,  Fifth 
Kdition,  doth,  (.-oo;  Interleaved  for  Note*,  1,25 

•Cirliof ,  PrscticAl  Phjrtlolofjr,  fndndisif  Chemical  and  Ex- 
pcrfmeatal  Phyviolof y,    (43  ItkntntioM,  Cloth,  3,35 

Klffc#'«  PhyatolOffy,  New  t^th  Ed,  Tboroughlr  Rerked  and 
JMarg/td.    50s  lumtniujM,  Cloth,  4,00;  Leather,  5x10 

L«fldoi«' Hom«a  Pbyslolofy*  Indudta^HhuAogjaad  Micro- 
fcofrical  AnatOflBir,  and  irith  fpecial  reference  to  Practical  Medi- 
cfne.  Third  EdlOoo,  TnutfUted  and  Edited  1^  Prot  StiHtoi^. 
^  HhMtratioM,  doth,  6,90;  Leather,  7,90 

'^  With  thi«  Text-book  at  hit  command,  no  student  could  fiul  in 
hif  examination,"— £««^//, 

MtMdor9on*9  PhvnioloficAl  LAborstory.  Being  Practkad  Es- 
erciic*  for  the  Student,    $yj  Illuftrations,    8ro.         Cloth,  5,00 

Tjrsoo'*  C«ll  Doctrine,  Its  HUnory  and  Present  State.  Illus- 
trated,   Seeond  Edition.  Cloth,  3,00 

PRACTICE. 
Roberto'  Practico.  New  Reviaed  Edition,  A  Handbook 
of  the  Theory  and  Practice  of  Medicine.  By  Frederick  T, 
Roberts,  u.v. ;  mm.c.9.,  Profantor  of  Clinical  Medicine  and 
Therapeutics  in  University  College  Hospital,  London,  Seventh 
Edition.    Octavo.  Cloth,  5.50 ;  Sheep,  6,50 

HofhM,    Compond  of  the  Practice  of  Medicine,    yd  Ed- 
Two  paru,  each.  Cloth,  1,00;  ItitetUared  for  Notes,  1,35 

Pavt  t.—Cfmtinued,  Kruptive  and  Periodk»l  Fevers,  Diseases 
of  the  Stomach,  Intestines.  Peritoneum,  Kliary  Passages,  Liver, 
Kidneys,  etc,,  and  General  Diseases,  etc. 

Pakt  ff.'—IMseases  of  the  Respiratory  Svstem,  Circulatory 
System  and  Nervous  System ;  Diseases  of  the  Blood,  etc. 

Pbyeician'e  Edition.    Indudlng  a  Section  on  Skin  Diseases. 
With  Index.    1  Vol.  FuU  Morocco,  Gilt,  3.50 

Taaoer'e  Index  of  Dieeasee,  and  Their  Treatment.   Cloth,  3.00 

"  This  work  has  won  for  itsdf  a  reputation.  .  .  .  It  is,  in 
truth,  what  lu  Title  indicates."— JV.  V.  Mtdieal  Record. 

PRESCRIPTION  BOOKS. 

Wythe'e  lio%e  and  Symptom  Book.    Containing  the  Doses 

and  Uses  of  all  the  principal  Articles  of  the  Materia  Mcdica,  etc. 

Seventeenth  Edition.    Completely  Revised  and  Rewritten.  Jutt 

Riody.    yxmo.  Cloth,  i.oo;  Pocket-book  style,  x. 35 

Pereira'e  Physician*e  Prescription  Book.  Comaining  Lists 
of  Terms,  Phrases,  Contractions  and  Abbreviations  used  in 
Prescriptions  Kxplanatory  Notes.  Grammatical  Construction  of 
Prescriptions,  etc.,  etc.  By  Professor  Jonathan  Pereira,  k.d. 
Sixteenth  Edition.    33mo,    Cloth,  i. 00;  Pocket-book  style,  1.33 

'  Ste  p»itt  it0j  /or  litt  t(f  New  Manualt. 


STUDENTS'  TEXT-BOOKS  AND  MANUALS.       IS 


PHARMACY. 

Stewart's  Compend  of  Pharmacy.  Based  upon  Remington's 
Text-Book  of  Pharmacy.    Second  Edition.  Revised. 

Ck>th«  i.oo :  Interleaved  for  Notes,  z.35 

SKIN  DISEASES. 

Anderson,  (McCall)  Skin  Diseases.  A  complete  Text-Book, 
with  Colored  Plates  and  numerous  Wood  Engravings.  8vo. 
Just  Ready.  Cloth,  4.50;  LeaUier,  5.50 

"  We  welcome  Dr.  Anderson's  work  not  onlv  as  a  friend,  but  as 
a  bene&ctor  to  the  profession,  because  the  autnor  has  stricken  off 
mediaeval  shackles  of  insuperable  nomenclature  and  made  crooked 
ways  straight  in  the  diagnosis  and  treatment  of  this  hitberto  but 
little  understood  class  of  diseases.  The  chapter  on  Eczema  is 
alone  worth  the  price  of  the  book." — NaskvilU  Medical  Newt. 

"  Worthy  its  distinguished  author  in  every  respect ;  a  work  whose 

Sractical  value  commends  it  not  only  to  the  practitioner  and  stu- 
ent  of  medicine,  but  also  to  the  dermatologist."— yam^j  Neven* 
tfyde,  M.D.,  Pro/,  of  Skin  and  Venereal  Diseases,  Rush  Medical 
College,  Chicago. 

Van  Harlingen  on  Skin  Diseases.  A  Handbook  of  the  Dis- 
eases of  the  Skin,  their  Diagnosis  and  Treatment  (arranged  alpha- 
betically). By  Arthur  Van  Harlingen,  m.d..  Clinical  Lecturer 
on  Dermatology,  Jefferson  Medical  College ;  Prof,  of  Diseases  of 
the  Skin  in  the  Philadelphia  Polyclinic.  3d  Edition.  Enlarged. 
With  colored  and  other  plates  and  illustrations.  lamo.  Cloth,  a. 50 

Bulkley.  The  Skin  in  Health  and  Disease.  By  L.  Duncan 
Bulkley,  Physician  to  the  N.  Y.  Hospital.     Illus.  Cloth,  .50 

SURGERY. 

Jacobson.  Operations  in  Surgery.  A  Systematic  Handbook 
for  Physicians,  Students  and  Hospital  Surgeons.  By  W.  H.  A. 
Jacobson,  b.a.,  Oxon.  f.r.c.s.  Eng. ;  Ass't  Surgeon  Guy's  Hos- 
pital ;  Surgeon  at  Royal  Hospital  for  Children  and  Women,  etc. 
With  199  finely  printed  illustrations.     zoo6  pages.    8vo. 

Cloth.  I5.00 ;  Leather,  |6.oo 

Heath's  Minor  Surgery,  and  Bandt^ng.  Ninth  Edition.  142 
Illustrations.    60  Formulae  and  Diet  Lists.  Clodi,  a.oo 

Horwitz's  Compend  of  Surgery,  including  Minor  Surgeiy, 
Amputations,  Fractures,  Dislocations,  Surgical  Diseases,  and  the 
Latest  Antiseptic  Rules,  etc.,  with  Differential  Diagnosis  and 
Treatment.  By  Orvillb  Hokwitz,  b.s.,  m.d..  Demonstrator  of 
Surgery,  Jefferson  Medical  Colleee ;  ChieT  Out- Patient  Surgi- 
cal Department,  Jefferson  Medical  College  Hospital.  3d  edition. 
Ver^  much  EiUarged  and  Rearranged,  ox  Illustrations  and 
77  Formulae.    lamo.   No.  g  f  Quiz-Commend  f  Series. 

Cloth,  z.oo;  Interleaved  for  the  addition  of  Notes,  1.35. 

Pye's  Surgical  Handicraft.  A  Manual  of  Surgical  Manipula- 
tions, Minor  Surgery,  Bandaging,  Dressing,  etc^^  etc.  With 
special  chapters  on  Attral  Surgery,  Extraction  of  Teeth,  Anaes- 
thetics, etc.    308  Illustrations.    8vo.  Qoth,  5.00 

Swain's  Surgical  Emergencies.    New  Edition.  Illus.  Clo.,  z.50 
See  pages  is  and  tb/or  list  ^  f  Quiz-  Compends  f 
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Surgery  .• — Continued. 

Walsham.  Manual  of  Practical  Surgery.  For  Students  and 
Physicians.  By  Wm.  J.  Walsham.  m.d.,  p.r.c.s.,  Asst.  Sure, 
to,  and  Dem.  of  Practical  Surg,  in,  St.  Bartholomew's  Hospital, 
Surgeon  to  Metropolitan  Free  Hospital,  London.  With  236 
Engravings.    See  Page  2,  Cloth,  3.00 ;  Leather,  3.50 

THROAT. 

Mackenzie.  Diseases  of  ttie  GSsophagus,  Nose  and  Naso- 
Ptiarynx.  By  Sir  Morell  Mackenzie,  m.d..  Senior  Physician  to 
the  Hospital  for  Diseases  of  the  Chest  and  Throat ;  Lecturer 
on  Diseases  of  the  Throat  at  the  London  Hospital,  etc.,  with 
Formulae  and  93  Illustrations.  Being  Vol.  11,  complete  in  itself, 
of  Dr.  Mackenzie's  text-book  on  the  Throat  and  Nose. 

Cloth,  3.00;  Leather,  4.00 

**  It  is  both  practical  and  learned ;  abundantly  and  well  illustrated ; 
its  descriptions  of  disease  are  graphic  and  the  diagnosis  the  best  we 
have  anywhere  seen." — Pkile^lphia  Medical  Times. 

Cohen.    The  Throat  and  Voice.    Illustrated.  Cloth,  .50 

James.    Sore  Throat.     Its  Nature,  Varieties  and  Treatment. 


z2mo.    Illustrated. 


Paper  cover,  .75;  Cloth,  1.25 


URINE,  URINARY  ORGANS,  ETC. 

Acton.  The  Reproductive  Organs.  In  Childhood,  Youth, 
Adult  Life  and  Old  Age.    Seventh  Edition.  Cloth,  a.oo 

Beale.  Urinary  and  Renal  Diseases  and  Calculous  Disorders. 
Hints  on  Diagnosis  and  Treatment.    i2mo.  Cloth,  1.75 

Holland.  The  Urine,  and  Common  Poisons  and  The 
Milk.  Chemical  and  Microscopical,  for  Laboratory  Use.  Illus- 
trated. ■  Third  EUlition.     zzmo.     Interleaved.  Cloth,  i.oo 

Ralfe.  Kidney  Diseases  and  Urinary  Derangemdits.  42  Illus- 
trations.   i2mo.    573  pages.  Cloth,  2.75 

Legg.    On  the  Urine.    A  Practical  Guide.    6th  Ed.    Cloth,  .75 

Marshall  and  Smith.  On  the  Urine.  The  Chemical  Analysis  of 
the  Urine.  By  John  Marshall,  m.d..  Chemical  Laboratory,  Univ. 
of  Penna;  and  Prof.  E.  F.  Smith,  ph.d.  Col.  Plates.  Cloth,  z.oo 

Thompson.  Diseases  of  the  Urinary  Organs.  Eighth 
London  Edition.    Illustrated.  Cloth,  3.50 

Tyson.  On  the  Urine.  A  Practical  Guide  to  the  Examination 
of  Urine.  With  Colored  Plates  and  Wood  Engravings.  6th  Ed. 
Enlarged.    i2mo.  Qoth,  z.50 

Bright's  Disease  and  Diabetes.    lUus.         Cloth,  3.50 

Van  Niiys,  Urine  Analysis.    Illus.  Cloth,  2.00 

VENEREAL  DISEASES. 

Hill  and  Cooper.  Student's  Manual  of  Venereal  Diseases, 
with  Formulae.    Fourth  Edition,    zamo.  Cloth,  z.oo 

Durkee.    On  Gonorrhoea  and  Syphilis.    Illus.      Cloth,  3.50 
See  pages  ij  and  tb  for  list  of  f  Quiz- Commends  f 


NEW  AND  REVISED  EDITIONS. 

PQUIZ-COMPENDS? 

The  Best  Compends  for  Students'  Use 
in  the  Quiz  Class,  and  when  Pre- 
paring for  Examinations. 

Compiled  m  accordance  with  the  latest  teachings  of  promi- 
nent lecturers  and  the  most  popular  Text- books. 

They  form  a  most  complete,  practical  and  exhaustive 
set  of  manuals,  containing  information  nowhere  else  col- 
lected in  such  a  condensed,  practical  shape.  Thoroughly 
up  to  the  times  in  every  respect,  containing  many  new 
prescriptions  and  formulae,  and  over  two  hundred  and 
thirty  illustrations,  many  of  which  have  been  drawn  and 
engraved  specially  for  this  series.  The  authors  have  had 
large  experience  as  quiz-masters  and  attaches  of  colleges, 
with  exceptional  opportunities  for  noting  the  most  recent 
advances  and  methcKls.  The  arrangement  of  the  subjects, 
illustrations,  types,  etc.,  are  all  of  the  most  approved 
form,  and  the  size  of  the  books  is  such  that  they  may  be 
easily  carried  in  the  pocket.  They  are  constantly  being 
revised,  so  as  to  include  the  latest  and  best  teachings,  and 
can  be  used  by  students  of  any  college  of  medicine,  den- 
tistry or  plwirmacy. 

Cloth,  each  $x.oo.    Interleaved  for  Notes,  $1.35. 

No. I.  HUMAN  ANATOMY,  "Based upon  Gray."  Fourth 
Edition,  including  Visceral  Anatomy,  formerly  published 
separately.  Over  xoo  Illustrations.  By  Samuel  O.  L. 
Potter,  m.a.,  m.d.,  late  A.  A.  Surgeon  U.  S.  Army.  Professor 
of  Practice,  Cooper  Medical  College,  San  Francisco. 

N08.  a  and  3.  PRACTICE  OF  MEDICINE.  Third  Edition. 
By  Uaniel  £.  Hughes,  m.d..  Demonstrator  of  Clinical  Medi- 
cine in  Jefferson  Medical  College,  Philadelphia.    In  two  parts. 

Part  I. — Continued,  Eruptive  and  Periodical  Fevers,  Diseases 
of  the  Stomach,  Intestines,  Peritoneum,  Biliary  Passages,  Liver, 
Kidneys,  etc.  (including  Tests  for  Urine),  General  Diseases,  etc. 

Part  II. — Diseases  of  the  Respiratory  System  (including  Phy- 
sical Diagnosis),  Circulatory  System  and  Nervous  System;  Dis- 
eases of  the  Blood,  etc. 

%*  These  little  books  can  be  regarded  as  a  full  set  of  notes  upon 
the  Practice  of  Medicine,  containing  the  Synonyms,  Definitions, 
Causes,  Symptoms,  Prognosis,  Diagnosis,  Treatment,  etc.,  of  each 
disease,  and  including  a  number  of  prescriptions  hitherto  unpub- 
lished. 

(ovbr.) 
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Continued. 
Bound  in  Cloth,  $i.oo.  Interleaved,  for  Notes,  $1.35 

Ho.  4.  PHYSIOLOGY,  including  Embryolofv.  Fifth 
Edition,  By  Albskt  P.  Brubakkh,  11.0.,  ProL  of  Physiology, 
Penn'a  CollM;e  of  Dental  Surgery ;  IXemonstrator  of  Physiol^y 
In  Uffcnon  ifedical  College,  Philadelphia.  Rerised,  Enlarged 
and  Illustrated. 

No.  5.  OBSTETRICS.  lUustrmted.  Fourth  Edition.  By 
Hekkt  G.  LAsnns,  m.d..  Prof,  of  Obstetrics  and  Diseases  of 
Women,  in  Stariing  Medical  CoU^;e,  Orfumbos,  O.  Rerised 
Edition.    New  Illustrations, 

No.  6.  MATERIA  MEDICA.  THERAPEUTICS  AND 
PRESCRIPTION   WRITING.     Fifth  Revised  Edition. 

With  especial  Reference  to  the  Physiok^cal  Action  of  Dn^, 
and  a  complete  article  on  Prescription  Writing.  Based  on  the 
Last  Revision  of  the  U.  S.  Pharmacopceia,  and  including  many 
tinofficinal  remedies.  By  Samubl  O.  L.  Pottbr,  m.a.,  m.d.. 
late  A.  A.  Surg.  U.  S.  Army ;  Pro£  oi  Practice,  Cooper  Medical 
College,  San  Francisco.    Improved  and  Enlarged,  with  Index. 

No.  7.  GYIIJBCOLOGY.  A  Compend  of  Diseases  of  Women. 
By  Hbnrt  Morkis,  m.d..  Demonstrator  of  Obstetrics,  Jefferson 
Medical  CoUege,  Philadelphia. 

No.  8.  DISEASES  OF  THE  BYE  AND  REFRACTION, 
including  Treatment  and  Suigery.  B^  L.  Wkbstrr  Fox,  m.d.. 
Chief  Cknical  Assistant  Ophthalmological  Dept.,  Jefferson  Med- 
ical College,  etc.,  and  Gbo.  M.  Go0x.d,  m.d.  71  Illustrations,  39 
Formulae.    Second  ^ikuged  and  Improved  Edition.    Index. 

No.  9.  SURGERY.  Illustrated.  Third  Edition.  Including 
Fractures,  Wounds,  Dislocations,  Sprains,  Amputations  and 
other  operations;  Inflammation,  Suppuration,  Ulcers,  Syphilis, 
Tumors,  Shock,  etc.  Diseases  of  the  Spine,  Ear,  Bladder,  Tes- 
ticles, Anus,  and  other  Surgical  Diseases.  By  Orvillb  HoRwrrz, 
A.M.,  M.D.,  Demonstrator  of  Surgery,  Jefferson  Medical  Col- 
lege.   Revised  and  Enlarged.    77  Formulae  and  91  Illustrations. 

No.  zo.  CHEMISTRY.  Inorganic  and  Organic  For  Medical 
and  Dental  Students.  Including  Urinary  Analysis  and  Medical 
Chemistry.  By  Hbnrt  Lbffmann,  m.d.,  Pn^  of  Chemistry  in 
Penn'a  College  of  Dental  Surgery,  Phila.  A  new  Edition,  Revised 
and  Rewritten,  with  Index. 

No.  zi.  PHARMACY.  Based  upon  *'  Remington's  Text-book 
of  Pharmacy."  By  F.  E.  Stewart,  m.d.,  ph.g.^  Quiz-Master 
at  Philadelphia  College  of  Pharmacy.    Second  Edition,  Revised. 

Beud  in  Cloth,  H.    lBttrlM?*d,  to  ih$  AddltiOB  of  MoUi,  $1.26. 

$jif^  These  books  are  constantly  revised  to  keep  up  with 
the  latest  teachings  and  discoveries,  so  that  they  contain 
all  the  new  methods  and  principles.  No  series  of  books 
are  so  complete  in  detail,  concise  in  language,  or  so  well 
printed  and  bound.  Each  one  forms  a  complete  set  of 
notes  upon  the  subject  under  consideration. 
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